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[Claim 1] 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a semiconductor element typified by a 

field effect transistor to be formed over a substrate having a low strain point and to a 
method for manufacturing the same, and relates to a semiconductor integrated circuit 
including the semiconductor element and to a method for manufacturing the same. 
Specifically, the present invention relates to a thin film transistor in which a gate insulating 
film is heat-treated at a temperature beyond a strain point of a substrate such as glass and to 
a method for manufacturing the same. 
Description of Related Art 

[00021 In recent years, development of a system-on-panel incorporating a logic 
circuit such as a CPU or a memory as well as a pixel or a driver circuit over a light 
transmitting insulating substrate such as glass or quartz has been attracting attention. High- 
speed operation is required for a driver circuit and a logic circuit, and manufacturing a thin 
film transistor (hereinafter, also referred to as a TFT) having high switching speed is 
required in order to realize it. It is effective for realizing a TFT having higher switching 
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speed to use a semiconductor film with fewer crystal defects as an active layer, to make a 
gate insulating film thinner, and to miniaturize a transistor size typified by miniaturization 
of a gate length. 

[00031 Characteristics required for a gate insulating film can be given as follows: 
few defects in a thin film; without a fixed charge; a low interface level with a 
semiconductor film; low leakage current; and the like. However, a gate leakage current 
tends to increase with a decrease in a film thickness of a gate insulating film. In addition, 
such a fine gate insulating film that can lower a gate leakage current is required in order to 
make the gate insulating film thinner. A field effect semiconductor device that can be 
driven with a low voltage and responds well to a high drive frequency can be obtained by 
making the gate insulating film thinner. 

Patent Document 1 : Japanese Patent Laid-Open No. H6-1 88421 
Summary of the Invention 

[00041 In the case of forming a silicon film over a transparent insulating substrate 
such as glass and manufacturing an integrated circuit by using the silicon film, a 
manufacturing technique developed in a large-scale integrated circuit using a single crystal 
silicon substrate cannot be diverted directly. This is because a processing temperature is 
restricted in terms of heat resistance of glass or the like that is a substrate over which an 
integrated circuit is formed as well as because of a crystallinity problem of a silicon film 
(polycrystalline silicon film or the like) for manufacturing an integrated circuit. 

[00051 A gate insulating film which is fine and has good electrical adequacy can 
be formed by a CVD method, but a film formation temperature is required to be equal to or 
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more than 750 °C. A plasma CVD method makes it possible to form a film at a low 
temperature; however, it is a problem that a film is damaged by a charged particle in plasma 
and a defect or a pinhole is easily caused. Further, in the case that a film formation 
temperature is equal to or less than 500 °C, hydrogen is included within a film and film 
stability is decreased. On the contrary, a radio frequency sputtering method can form a thin 
film without hydrogen contamination. However, a film fine enough to be generally used as 
a gate insulating film is not obtained by a radio frequency sputtering method in comparison 
with a CVD method. 

[0006] Miniaturization of an element size is further required to manufacture a 
TFT having high switching speed that is essential for an element of a logic operation circuit 
and to obtain higher integration, A high-quality gate insulating film is essential to be 
formed to achieve the miniaturization. The gate insulating film is preferably heat-treated 
after the formation in order to form a high-quality gate insulating film. However, a 
substrate such as glass that expands or shrinks before or after applying a temperature above 
a strain point has a problem that misalignment occurs in patterning a film formed over the 
substrate. Therefore, it is difficult to heat-treat a gate insulating film at a temperature above 
a strain point of the substrate. 

[00071 A typical step of manufacturing a TFT over a glass substrate is described 
with reference to FIG 7, FIGS, 7(E) to 7(H) are top views, and FIGS, 7(A) to 7(D) are 
cross-sectional views along broken lines A-B and broken lines B-C in the respective top 
views. In FIG, 7, steps of from forming a semiconductor film, element isolation to 
manufacturing a gate electrode are particularly described, 
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[0008] First, a base film 11 and a semiconductor film 12 are formed over an 
insulating substrate 10 (FIGS. 7(A) and 7(E)). Subsequently, element isolation is 
performed by processing the semiconductor film 12 into island shapes to form a transistor 
formation region 13 and a transistor formation region 14 (FIGS. 7(B) and 7(F)). 
Subsequently, a gate insulating film 15 and a conductive film 16 are formed (FIGS. 7(C) 
and 7(G)). Lastly, the conductive film 16 is patterned to form a gate electrode 18 (FIGS. 
7(D) and 7(H)). Note that a region of the gate insulating film 15 which is not overlapped 
with the gate electrode 18 is etched by etching in forming the gate electrode 18, and it 
becomes a gate insulating film 17. 

[0009] As described above, element isolation is performed on the semiconductor 
film 12 to be island shapes: then, the gate insulating film 15 and the conductive film 16 are 
formed. Thereafter, the conductive film 16 is patterned with the gate electrode 18 
positioned to island-shaped semiconductor films, that is. the transistor formation regions 13 
and 14; thus, a transistor is formed. In this method, an upper limit of a process temperature 
after processing the semiconductor film 12 into island shapes is determined by considering 
shrinkage of the substrate so that a defect due to misalignment in patterning is not caused. 
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[0010] It is an object of the present invention to provide a thin film transistor 
which enables heat treatment aimed at improving characteristics of a gate insulating film 
such as lowering of an interface level or reduction in a fixed charge without causing a 
problem of misalignment in patterning due to expansion or shrinkage of a substrate such as 
glass and to provide a method for manufacturing the same. 
Means to Solve the Problem 

[00111 An invention of this specification is a thin film transistor comprising: an 
island-shaped semiconductor film and an island-shaped gate insulating film patterned by 
using the same photomask over an insulating substrate; a side wall made of an insulating 
material formed on a side face of the island-shaped semiconductor film; and a gate 
electrode formed over the island-shaped gate insulating film, characterized in that the gate 
electrode overlaps the side face of the island-shaped semiconductor film with the side wall 
therebetween. 

[0012] An invention of this specification is a thin film transistor comprising: an 
island-shaped semiconductor film and an island-shaped gate insulating film patterned by 
using the same photomask over an insulating substrate; a side wall made of an insulating 
material formed on side faces of the island-shaped semiconductor film and the island- 
shaped gate insulating film; and a gate electrode formed over the island-shaped gate 
insulating film, characterized in that the gate electrode overlaps the side face of the island- 
shaped semiconductor film with the side wall therebetween. 

[0013] An invention of this specification is a thin film transistor comprising: an 
island-shaped semiconductor film and an island-shaped gate insulating film patterned by 
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using the same photomask over an insulating surface; and a gate electrode formed over the 
island-shaped gate insulating film, characterized in that a side face of the island-shaped 
semiconductor film is insulated, and the gate electrode overlaps the insulated side face of 
the island-shaped semiconductor film. 

[00 14] An invention of this specification is a thin film transistor comprising: an 
island-shaped semiconductor film and an island-shaped gate insulating film patterned by 
using the same photomask over an insulating substrate; an insulating film patterned to 
cover side faces of the island-shaped semiconductor film and the island-shaped gate 
insulating film and only a peripheral portion of a top face of the island-shaped gate 
insulating film; and a gate electrode formed over the island-shaped gate insulating film, 
characterized in that the gate electrode overlaps the side face of the island-shaped 
semiconductor film with the insulating film patterned to cover the side faces of the island- 
shaped semiconductor film and the island-shaped gate insulating film and only the 
peripheral portion of the top face of the island-shaped gate insulating film therebetween. 

[00151 An invention of this specification is a method for manufacturing a thin 
film transistor, characterized by comprising the steps of: forming a semiconductor film over 
an insulating substrate: forming a first insulating film over the semiconductor film; heat- 
treating the semiconductor film and the first insulating film; forming an island-shaped 
semiconductor film and an island-shaped gate insulating film by patterning the 
semiconductor film and the first insulating film into island shapes with the use of the same 
photomask after the heat treatment; forming a second insulating film over the island-shaped 
gate insulating film; forming a side wall covering a side face of the island-shaped 
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semiconductor film and a side face of the island-shaped gate insulating film in a self- 
aligned manner by anisotropicallv etching the second insulating film; forming a conductive 
film over the island-shaped gate insulating film after forming the side wall; and forming a 
gate electrode by patterning the conductive film. 

[0016] An invention of this specification is a method for manufacturing a thin 
film transistor, characterized by comprising the steps of: forming a semiconductor film over 
an insulating substrate; forming an insulating film over the semiconductor film; heat- 
treating the semiconductor film and the insulating film; forming an island-shaped 
semiconductor film and an island-shaped gate insulating film by patterning the 
semiconductor film and the insulating film into island shapes with the use of one resist 
mask after the heat treatment; insulating a side face of the semiconductor film by adding 
oxygen or nitrogen to the side face of the island-shaped semiconductor film without 
removing the resist mask; forming a conductive film over the island-shaped gate insulating 
film; and forming a gate electrode by patterning the conductive film. 

[00171 An invention of this specification is a method for manufacturing a thin 
film transistor, characterized by comprising the steps of: forming a semiconductor film over 
an insulating substrate; forming a first insulating film over the semiconductor film; heat- 
treating the semiconductor film and the first insulating film; forming an island-shaped 
semiconductor film and an island-shaped gate insulating film by patterning the 
semiconductor film and the first insulating film into island shapes with the use of one 
photomask after the heat treatment; forming a second insulating film over the island-shaped 
gate insulating film; patterning the second insulating film to cover edge portions of the 
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island-shaped semiconductor film and the island-shaped gate insulating film and only a 
peripheral portion of a top face of the island-shaped gate insulating film: forming a 
conductive film over the island-shaped gate insulating film; and forming a gate electrode by 
patterning the conductive film. 

[0018] An invention of this specification is a method for manufacturing a thin 
film transistor, characterized by comprising the steps of: forming a semiconductor film over 
an insulating substrate: forming a first insulating film on the semiconductor film; forming a 
first conductive film over the first insulating film; heat-treating the semiconductor film, the 
first insulating film, and the first conductive film; forming an island-shaped semiconductor 
film, an island-shaped gate insulating film, and a first island-shaped conductive film by 
patterning the semiconductor film, the first insulating film, and the first conductive film 
into island shapes with the use of the same photomask after the heat treatment: forming a 
second insulating film over the first island-shaped conductive film; forming a side wall 
covering a side face of the island-shaped semiconductor film, a side face of the island- 
shaped gate insulating film, and a side face of the first island-shaped conductive film in a 
self-aligned manner by anisotropically etching the second insulating film; forming a second 
conductive film over the first island-shaped conductive film after forming the side wall; and 
forming a gate electrode by patterning the first island-shaped conductive film and the 
second conductive film. 

[00191 An invention of this specification is a method for manufacturing a thin 
film transistor, characterized by comprising the steps of: forming a semiconductor film over 
an insulating substrate; forming an insulating film over the semiconductor film; forming a 
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first conductive film over the insulating film; heat-treating the semiconductor film, the 
insulating film, and the first conductive film; forming an island-shaped semiconductor film, 
an island-shaped gate insulating film, and a first island-shaped conductive film by 
patterning the semiconductor film, the insulating film, and the first conductive film into 
island shapes with the use of the same resist mask after the heat treatment; insulating a side 
face of the semiconductor film by adding oxygen or nitrogen to the side face of the island- 
shaped semiconductor film without removing the resist mask; forming a second conductive 
film over the first island-shaped conductive film; and forming a gate electrode by 
patterning the first island-shaped conductive film and the second conductive film. 

[00201 An invention of this specification is a method for manufacturing a thin 
film transistor, characterized by comprising the steps of: forming a semiconductor film over 
an insulating substrate; forming a first insulating film over the semiconductor film; forming 
a first conductive film over the insulating film; heat-treating the semiconductor film, the 
first insulating film, and the first conductive film; forming an island-shaped semiconductor 
film, an island-shaped gate insulating film, and a first island-shaped conductive film by 
patterning the semiconductor film, the first insulating film, and the first conductive film 
into island shapes with the use of the same photomask after the heat treatment; forming a 
second insulating film over the first island-shaped conductive film; patterning the second 
insulating film to cover edge portions of the island-shaped semiconductor film, the island- 
shaped gate insulating film, and the first island-shaped conductive film and only a 
peripheral portion of a top face of the first island-shaped conductive film; forming a second 
conductive film over the island-shaped gate insulating film; and forming a gate electrode by 
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patterning the first conductive film and the second conductive film. 

[00211 A method for manufacturing a thin film transistor according to the 
invention of this specification further is characterized by comprising the steps of: heat- 
treating in a state where at least a gate insulating film is formed over a semiconductor film 
on which element isolation is not performed; isolating the gate insulating film and the 
semiconductor film into an element structure bv using one photomask after the heat 
treatment; forming an insulating film covering a side face of an exposed semiconductor 
film; and forming a gate electrode over the gate insulating film. Expansion or shrinkage of 
a substrate such as glass during the heat treatment can be prevented from affecting 
misalignment in patterning since the gate insulating film and the semiconductor film are 
simultaneously patterned and processed into element shapes after the heat treatment. The 
side face of the semiconductor film is exposed in a condition that the gate insulating film 
and the semiconductor film are simultaneously patterned and processed into element 
shapes. Then, one feature is that an insulating film covering the side face of the 
semiconductor film is formed before forming an electrode such as a gate electrode or a 
wiring over the gate insulating film. Thus, a short circuit is prevented between the 
semiconductor film that is processed into an element structure and an electrode or a wiring 
to be formed over the gate insulating film. 

[0022] In the invention of this specification, a substrate having a lower strain 
point than a heat treatment temperature of from 600 °C to 800 °C to be applied to a gate 
insulating film is effectively used as an insulating substrate over which a thin film transistor 
is formed, regardless of its type. 
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[00231 Further, a laminated film of a semiconductor film and a gate insulating 
film on which element isolation is not performed is simultaneously heat-treated in the 
invention of this specification. Furnace or RTA (Rapid Thermal Anneal) may be used for 
the heat treatment. Either gas heating or lamp heating can be used in RTA treatment. 
Preferably, lamp heating treatment may be performed with up to a conductive film for 
forming at least one part of a gate electrode formed over the laminated film. In the case of 
using a halogen lamp having a peak of an emitted spectrum in an infrared region, the 
conductive film effectively absorbs emitted light. Not only can the gate irisulating film be 
effectively heated, but also an interface between the gate insulating film and the conductive 
film can be heat-treated. Consequently, characteristics such as reduction in a leakage 
current resulting from the interface between the gate electrode and the gate insu lating film 
can be improved. 

r00241 A side face of the semiconductor film is exposed in the case of 
simultaneously performing element isolation on the laminated film inc luding the 
semiconductor film and the gate insulating film. Therefore, the side f ace of the 
semiconductor film is short-circuited with the gate electrode in the case of s uccessively 
forming a conductive film for forming the gate electrode. Particularly, the side face of the 
semiconductor film and a portion for leading the gate electrode outside the semiconductor 
film on which element isolation is performed are short-circuited. Then, an insulating film 
covering the side face of the semiconductor film is required. The insulating fil m covering 
the side face of the semiconductor film can be formed by forming an insulating film 
covering an entire surface of the substrate over patterned semiconductor film and gate 
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insulating film, anisotropically etching the insulating film, and processing into a side wall 
shape in a self-aligned manner. In addition, a method for insulating the side face of the 
semiconductor film at a low temperature or a method for patterning the insulating film to 
cover side faces of the semiconductor film and the gate insulating film and only a 
peripheral portion of a top face of the gate insulating film is given as another method for 
forming the insulating film covering the side face of the semiconductor film. The 
insulating film covering the side face of the semiconductor film can be formed to have 
higher precision since there is no misalignment in the case of forming in a self-aligned 
manner. Therefore, in the case of intending integration, it is preferable to manufacture the 
insulating film by a method for forming into a side wall shape or a method for insulating 
the side face of the semiconductor film at a low temperature. In this way, the insulating 
film is formed only on a desired side face of a semiconductor film. 

[00251 According to the present invention having the above structures, a gate 
insulating film can be heat-treated without a problem of an alignment defect in patterning 
even at a temperature of 700 °C that conventionally causes a problem of misalignment in 
patterning due to shrinkage of a substrate such as glass. 

[00261 In the present invention, a gate insulating film can be heat-treated at a 
temperature of 700 °C above a strain point of a substrate such as glass. Therefore, an 
interface level is lowered; a fixed charge is reduced; a gate leakage current is lowered; 
field-effect mobility, subthreshold coefficient, and the like become favorable; a change of 
transistor characteristics over time during continuous operation can be reduced; a yield is 
improved; and variation in the characteristics is reduced, in a thin film transistor. 
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Brief Description of the DrawinRS 

[0027] Figs. 1A-1H are diagrams showing a step of manufacturing a thin film 

transistor of the present invention. 

[0028] Figs. 2A-2J are diagrams showing a step of manufacturing a thin film 

transistor of the present invention. 

Figs. 3A-D3 are diagrams showing a step of manufacturing a thin film transistor of the 
present invention. 

[0029] Figs. 4A-4C are diagrams showing a pixel structure of a display panel 

according to the present invention. 

[0030] Figs. 5A-5D are diagrams showing a structure of a display panel 

according to the present invention. 

[0031] Figs. 6A-6H are diagrams showing structures of electronic apparatuses 

according to the present invention. 

[0032] Figs. 7A-7H are diagrams showing a step of manufacturing a thin film 

transistor in which element isolation is performed on a semiconductor film before forming 
a gate insulating film. 

Embodiment of the Invention 
Embodiment Mode 1 

[00331 A glass substrate made of a material such as barium borosilicate glass, 
alumino borosilicate glass, or aluminosilicate glass, or the like can be given as a substrate 
which can be applied in this embodiment mode. Typically, a 1737 glass substrate (strain 
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point: 667 °C) manufactured by Corning, Inc., AN 100 (strain point: 670 °Q manufactured 
by Asahi Glass Co., Ltd., or the like can be applied, but there is no particular limitation on 
other similar substrates. 

[0034] A first inorganic insulating layer 21 made of an insulating film such as a 
silicon oxide film, a silicon nitride film, or a silicon oxynitride film (SiOxNv) is formed 
over a glass substrate 20, as shown in FIGS. 1(A) and 1(E), using the above substrate. A 
typical example of the first inorganic insulating layer 21 has a two-layer structure, which is 
a structure where a first silicon oxynitride film formed to be 50 nm in thickness by a plasma 
CVD method using SiH*, NFU, and N?Q as a reactive gas and a second silicon oxynitride 
film formed to be 100 nm in thickness by a plasma CVD method using SiHa and N?Q as a 
reactive gas are laminated. 

[00351 A crystalline semiconductor film 22 serving as an active layer of a TFT is 
obtained by crystallizing an amorphous semiconductor film formed over the first inorganic 
insulating layer 21. A crystalline silicon film or the like can be used for the crystalline 
semiconductor film 22. Thickness of the amorphous semiconductor film is selected in the 
range where thickness of the crystalline semiconductor film 22 obtained by crystallizing the 
amorphous semiconductor film is to be from 20 nm to 60 nm. An upper limit of the film 
thickness of the crystalline semiconductor film 22 serving as an active layer of a TFT is a 
maximum value for operating as a fully depleted type in a channel region of a TFT. A 
lower limit of the film thickness is a limitation on a process, and is set as a minimum value 
required in selectively processing only the crystalline semiconductor film 22 during an 
etching step of the crystalline semiconductor film 22. 
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[0036] A gate insulating film 23 is formed over the crystalline semiconductor 
film 22. A silicon oxide film formed by a reactive sputtering method using Ar and O? and 
utilizing a Si target, a silicon oxynitride film formed by a CVD method using SiH4, NH& 
and N9O as a reactive gas, or the like can be used for the gate insulating film 23. The gate 
insulating film 23 is not limited to a silicon compound, and high dielectric constant metal 
oxide that has a higher dielectric constant than that of silicon oxide and by which an effect 
of making the gate insulating film thinner is effectively obtained may be used. Effective 
film thickness can be expressed as a product t-k i/k? of actual film thickness t and ratio ki/k? 
of a relative dielectric constant k i ^ of a film material to be a benchmark such as silicon oxide 
to a relative dielectric constant k? of an actual film material. Note that a film thickness of 
the gate insulating film 23 is set by a scaling law and a process margin, and the thickness of 
the gate insulating film 23 is set to be from 20 nm to 80 nm in order to manufacture a TFT 
with a gate length of from 0.35 urn to 2.5 urn here. 

[00371 Subsequently, a first conductive film 24 is formed over the gate insulating 
film 23. A tantalum nitride film is formed by reactive sputtering using Ar and N? gas and 
utilizing a Ta target to have a film thickness of from 10 nm to 50 nm for the first conductive 
film 24. Another conductive film as well as a tantalum compound may be used for the first 
conductive film 24. However, the first conductive film 24 is preferably a material that 
absorbs light within a wavelength of approximately 1 ^im and a material that can have an 
enough selective ratio in etching with a second conductive film 34 to be formed later. 

f00381 Subsequently, the crystalline semiconductor film 22, the gate insulating 
film 23, and the first conductive film 24 are heat-treated, as shown in FIGS. KB) and 1(F). 
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RTA treatment that is capable of heating and cooling instantaneously is employed as heat 
treatment. A temperature rises up to a temperature of from 600 °C to 800 °C in 10 seconds 
to 120 seconds, and heat treatment is performed at a temperature of from 600 DC to 800 °C 
for 30 seconds to 180 seconds in RTA treatment. Note that there are a gas heating method 
using a heated gas and a lamp heating method by emission of a lamp as the RTA treatment. 
The glass substrate 20 itself is heated by a gas in the case of the gas heating method, and 
the gate insulating film 23 can be heat-treated. However, temperature rising efficiency is 
generally remarkably inefficient in the lamp heating method. This is because the glass 
substrate 20 itself is hard to be heated since a typical halogen lamp has a peak of an emitted 
spectrum at approximately 1 \im and the glass substrate 20 does not sufficiently absorb 
light within such a wavelength region by itself. In this embodiment mode, heat conduction 
to the gate insulating film 23 occurs by using a tantalum nitride film as an absorber layer 
since the tantalum nitride film that is the first conductive film 24 absorbs light within a 
wavelength of approximately 1 fim. Consequently, the gate insulating film 23 can be 
efficiently heat-treated. Note that the heat treatment is performed at a temperature above 
the strain point of glass, and shrinkage of the glass substrate 20 is caused. However, a 
patterning defect due to the shrinkage is not caused in a later step since the crystalline 
semiconductor film 22 is not processed into an element shape yet at the time of the heat 
treatment. 

[0039] Subsequently, the crystalline semiconductor film 22, the gate insulating 
film 23, and the first conductive film 24 are collectively etched into island shapes by using 
the same photomask, as shown in FIGS. 1(C) and KG). For example, an ICP (Inductively 
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Coupled Plasma) etching method can be applied as an etching method. A mixed gas of CF4 
and C12 can be used as an etching gas in etching the first conductive film 24 made of a 
tantalum nitride film. A CHF^ gas can be used for etching the gate insulating film 23 made 
of a silicon oxide film, and a mixed gas of CF4 and 02 can be used in etching the 
crystalline semiconductor film 22 made of a crystalline silicon film. Thus, a crystalline 
semiconductor film 25 and a crystalline semiconductor film 28 which are processed into 
island shapes, a gate insulating film 26 and a gate insulating film 29 which are processed 
into island shapes, and a first conductive film 27 and a first conductive film 30 which are 
processed into island shapes are formed. 

[0040] Subsequently, an insulating film 3 1 covering an entire surface of the glass 
substrate 20 is formed to cover exposed side faces of the crystalline semiconductor film 25 
and the crystalline semiconductor film 28 as shown in FIGS. 1(D) and 1(H). A silicon 
oxide film formed by a low pressure CVD method which isotropically grows to have a film 
thickness of from 500 nm to 1.5 ^im is used as the insulating film 31. Note that the 
insulating film 3 1 is only necessary to be an insulating film, and a silicon nitride film or a 
silicon oxynitride film can be used without being limited to the silicon oxide film. 

[0041] Subsequently, a side wall 32 and a side wall 33 covering side faces of the 
crystalline semiconductor film 25 and the crystalline semiconductor film 28 and side faces 
of the gate insulating film 26 and the gate insulating film 29 can be formed as shown in 
FIGS. 2(A) and 2(F) by applying a predetermined bias voltage to a glass substrate 20 side 
and anisotropically etching the insulating film 31 made of a silicon oxide film. Effective 
thickness of the side wall 32 and the side wall 33 in a portion covering the side faces of the 
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crystalline semiconductor film 25 and the crystalline semiconductor film 28 in a direction 
perpendicular to the side faces is set equal to or thicker than effective thickness of the gate 
insulating film 26 and the gate insulating film 29. For instance, when all the gate insulating 
film 26, the gate insulating film 29, the side wall 32. and the side wall 33 are made of 
silicon oxide films, thickness of the side wall 32 and the side wall 33 in a portion covering 
the side faces of the crystalline semiconductor film 25 and the crystalline semiconductor 
film 28 in a direction perpendicular to the side faces is set at equal to or more than from 20 
nm to 80 nm that is thickness of the gate insulating film 26 and the gate insulating film 29. 
In this way, a short circuit and a current leakage can be suppressed between a portion for 
leading a gate electrode outside the semiconductor film on which element isolation is 
performed and the side faces of the crystalline semiconductor film 25 and the crystalline 
semiconductor film 28. 

100421 Then, a second conductive film 34 shown in FIGS. 2(B) and 2(G) is 
formed. A tungsten film having a film thickness of from 300 nm to 500 nm is used as the 
second conductive film 34 in this embodiment mode. The second conductive film 34 is not 
limited to a tungsten film, and is only necessary to be a conductive film. However, a 
material having an enough selective ratio in etching with the first conductive film 24 is 
preferably used for the second conductive film 34. 

[00431 A first conductive layer 37 and a first conductive layer 40 made of 
tantalum nitride and a second conductive layer 38 made of tungsten, which are processed 
into a shape of a gate electrode, are obtained by etching the first conductive film 24 and the 
second conductive film 34, as shown in FIGS. 2(C) and 2(H). Here, a structure in which 
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the first conductive layer 37, the first conductive layer 40, and the second conductive layer 
38 have different tilt angles in edge portions is manufactured. The first conductive layer 
37, the first conductive layer 40, and the second conductive layer 38 having different tilt 
angles in the edge portions are formed by performing two-stage etching treatment on the 
first conductive film 24 and the second conductive film 34. In the first stage of etching, 
both tungsten and tantalum nitride are simultaneously etched by applying a predetermined 
voltage to the glass substrate 20 with the use of a mixed gas of CF4. Cb, and Cb as an 
etching gas, and a layer made of tungsten and a layer made of tantalum nitride having the 
same tilt angles in edge portions are manufactured. Subsequently, in the second stage of 
etching, only the layer made of tungsten is anisotropically etched by applying a 
predetermined bias voltage to the glass substrate 20 under the first stage etching condition 
in which the etching gas is replaced with SF*, Cb, and Cb. In this way, the first conductive 
layer 37, the first conductive layer 40, and the second conductive layer 38 having different 
tilt angles in the edge portions are formed. Note that the gate insulating film 26, the gate 
insulating film 29, the side wall 32, and the side wall 33 are also etched to be a gate 
insulating film 36, a gate insulating film 39, a side wall 35a, and a side wall 35b 
respectively in a process of etching the first conductive layer 37, the first conductive layer 
40, and the second conductive layer 38. 

[QQ441 Then, a desired quantity of impurities is doped. 41 and 44 in FIGS. 2(D) 
and 2(D become a source or a drain doped with an n-type or a p-type impurity in high 
concentration respectively; 42 and 45 become doping regions doped with an n-type 
impurity in lower concentration than those in the source or drain 41 and the source or drain 
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44 (Gate Overlapped Lightly Doped Drain) since they are doped through the edge portions 
of the first conductive layer 37 and the first conductive layer 40 that are parts of the gate 
electrodes: and 43 and 46 become channel regions, 

r00451 Thereafter, as shown in FIGS. 2(E) and 2(J). a silicon oxvnitride film 
containing hydrogen is formed as an insulating film 51 to have a film thickness of 100 nm 
by a plasma CVD method, and the crystalline semiconductor film 25, the crystalline 
semiconductor film 28, the gate insulating film 36, and the gate insulating film 39 are 
hydrogenated by heat-treating at 410 °C. Further, a silicon oxide film is formed as an 
interlayer insulating film 52 to have a film thickness of from 400 nm to 600 nm by a CVD 
method. Note that phosphorous glass (TSG), boron phosphorous glass (BSG), or 
phosphorous boron glass (TBSG) can be applied to the interlayer insulating film 52. A 
porous film or a low dielectric constant film such as acrylic of an organic resin system or 
Teflon (registered trademark) can be used as the interlayer insulating film 52 as well. Then, 
a silicon nitride film is formed as a barrier film 53 to have a film thickness of 100 nm by a 
sputtering method. In the next place, a wiring 47, a wiring 48, a wiring 49, and a wiring 50 
are formed after forming contact portions to reach the source or drain 41 and the source or 
drain 44 by etching the barrier film 53, the interlayer insulating film 52. the insulating film 
51, the gate insulating film 36, and the gate insulating film 39. A laminate structure of a 
titanium film with a thickness of 60 nm, a titanium nitride film with a thickness of 40 nm, 
an aluminum film with a thickness of 300 nm, and a titanium film with a thickness of 100 
nm is used for the wirings 47 to 50. However, a structure of the wirings 47 to 50 is not 
limited to the above structure, and copper can be used in place of aluminum. A film in 
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contact with the aluminum film is not limited to titanium nitride, and tantalum nitride, 
tungsten nitride, or the like can be used in the wirings 47 to 50, 
Embodiment Mode 2 

[0046] Ozone is used at a temperature of 500 °C to oxidize the crystalline 
semiconductor film 25, the crystalline semiconductor film 28, the gate insulating film 26, 
the gate insulating film 29, the first island conductive film 27, and the first island 
conductive film 30 which are processed into island shapes as shown in FIGS. 1(C) and 
KG) in Embodiment Mode 1. Thus, oxide films are formed on exposed side faces of the 
crystalline semiconductor film 25 and the crystalline semiconductor film 28, and effective 
thickness of the oxide films is set equal to or thicker than effective thickness of the gate 
insulating film 26 and the gate insulating film 29 as shown in FIGS. 3(A) and 3(C), thereby 
preventing a short circuit between a gate electrode to be formed later and the side faces of 
the crystalline semiconductor film 25 and the crystalline semiconductor film 28. Note that 
an oxide film, a nitride film, an oxynitride film, or the like can be used as an insulating film 
to be formed on the side faces of the crystalline semiconductor film 25 and the crystalline 
semiconductor film 28. Plasma oxidization as well as a method using an ozone gas can be 
performed by using plasma including oxygen as an oxidation method. In addition, washing 
by using ozone water may be performed as an oxidation method, and in this case, oxidation 
can be performed efficiently by irradiating a surface of the glass substrate 20 with 
ultraviolet light. Plasma nitriding can be performed by using plasma including a nitrogen 
gas as a nitriding method. Further, only the side faces of the crystalline semiconductor film 
25 and the crystalline semiconductor film 28 can be selectively made insulative by doping 
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oxygen or nitrogen with a resist mask used in patterning the island-shaped crystalline 
semiconductor film 25, the island-shaped crystalline semiconductor film 28, the gate 
insulating film 26, the gate insulating film 29, the first conductive film 27, and the first 
conductive film 30 remained. 

Embodiment Mode 3 

[0047] An insulating film is formed over an entire surface of the glass substrate 
20 to cover the crystalline semiconductor film 25, the crystalline semiconductor film 28, 
the gate insulating film 26, and the gate insulating film 29 after forming the crystalline 
semiconductor film 25, the crystalline semiconductor film 28, the gate insulating film 26, 
the gate insulating film 29, the first conductive film 27, and the first conductive film 30 
which are processed into island shapes as shown in FIGS. UO and \(G) in Embodiment 
Mode L A silicon oxide film formed to have a thickness of from 50 nm to 100 nm by a 
CVD method is used as the insulating film. The insulating film is not limited to the silicon 
oxide film formed by a CVD method, and a silicon nitride film, a silicon oxynitride film, or 
the like can be used. A film formation method is also not limited to a CVD method, and a 
sputtering method, or the like can be applied. Then, the insulating film is patterned to form 
insulating layers 54 to 57 as shown in FIGS. 3(B) and 3(DY The insulating layers 54 to 57 
are shaped to cover side faces of the island-shaped crystalline semiconductor film 25 and 
the island-shaped crystalline semiconductor film 28 in a region overlapped with at least a 
gate electrode to be formed later, and effective thickness of the insulating layers 54 to 57 is 
set equal to or thicker than effective thickness of the gate insulating film 26 and the gate 
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insulating film 29, thereby preventing a short circuit between the crystalline semiconductor 
film 25 and the crystalline semiconductor film 28 and the gate electrode to be formed later. 
Embodiment 
Embodiment 1 

[00481 A cross-sectional structure in the case of manufacturing a display device 
by using a typical thin film transistor manufactured according to Embodiment Modes 1 to 3 
is described. 

[0049] A TFT disposed in a driver circuit portion and a pixel portion is formed 
over a substrate 500 having an insulating surface according to manufacturing steps 
described in the above embodiment modes. Thereafter (FIG 4(A)\ a first electrode 501 
made of a transparent conductive film is formed to electrically connect with a wiring 507 of 
a driving TFT 513. The transparent conductive film is preferably made of a material 
having a high work function, and the following can be given as an example thereof: a 
compound of indium oxide and tin oxide (ITO); a compound of indium oxide and zinc 
oxide; zinc oxide; tin oxide; indium oxide; titanium nitride: or the like. In this 
embodiment, an ITO film with a thickness of 0.1 urn was formed by a sputtering method as 
the first electrode 501. 

[00501 In this embodiment, a method for forming the transparent conductive film 
to electrically connect with the wiring 507 after forming the wiring 507 was described, but 
the transparent conductive film may be formed by another method. For example, the 
wiring 507 of the TFT may be formed to electrically connect with the first electrode after 
forming the transparent conductive film and forming the first electrode by patterning the 
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transparent conductive film. In addition, after forming the wiring 507 of the TFT, an 
insulating film is formed over the wiring 507, and thereafter, a contact hole is formed in the 
insulating film to reach the wiring 507. Then, the transparent conductive film may be 
formed to electrically connect with the wiring 507 through the contact hole. 

[0051] Subsequently, an insulating film 504 is formed to cover an end face of the 
first electrode 501. There is no particular limitation on a material for forming the insulating 
film 504, and the insulating film 504 can be made of an inorganic or organic material. The 
insulating film 504 is preferably made of a photosensitive organic material since a shape of 
the opening portion provided for the insulating film 504 becomes such a shape that 
disconnection in a light emitting layer to be evaporated over the insulating film 504 is 
hardly caused. Namely, the shape of the opening portion provided for the insulating film 
504 can be made into such a gently curved shape that a slope of a surface on which the light 
emitting layer is formed continuously changes, thereby improving coverage of the light 
emitting layer and preventing disconnection in the light emitting layer. Consequently, a 
short circuit between an anode and a cathode due to breaking of a wiring of a light emitting 
element is reduced. In addition, the light emitting layer can be prevented from becoming 
thin partly and an electric field can be prevented from concentrating locally in the light 
emitting layer. A photosensitive polyimide resin, photosensitive acrylic, or the like can be 
used as the photosensitive organic material for forming the insulating film 504. For 
example, in the case of using a negative photosensitive resin as a material of the insulating 
film 504, a shape of an upper end portion of the insulating film 504 in contact with a top 
face of the first electrode 501 can be formed to be a curved shape that has a center of 
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curvature below a tangent to a top face of the insulating film 504 and the upper end portion 
of the insulating film 504 and is determined by a first curvature radius. A shape of a lower 
end portion of the insulating film 504 can be formed to be a curved shape that has a center 
of curvature above a tangent to the first electrode 501 and the lower end portion of the 
insulating film 504 and is determined by a second curvature radius. The first and the 
second curvature radii are preferable from 0.2 [am to 3 [am. and an angle of a side wall of 
the opening portion to the first electrode 501 is preferably equal to or more than 35°. 

[0052] Subsequently, dust or the like is removed by wiping with a porous body of 
a PVA (polyvinyl alcohol) system. In this embodiment, fine powder (dust) generated in 
etching the first electrode 501 made of an ITO or the insulating film 504 was removed by 
wiping with the porous body of PVA. 

r00531 Subsequently, a light emitting layer 502 is formed to be in contact with 
the first electrode 501. The light emitting layer 502 is formed by an evaporation method or 
an application method (a spin coating method, an ink-jetting method, or the like). In this 
embodiment, a method for evaporating with an evaporation source moving was employed. 
In this method, an organic compound which is a material of the light emitting layer 502 and 
is put in the evaporation source is vaporized in advance by resistance heating, and a shutter 
is provided to prevent the vaporized organic compound from being scattered in a direction 
of the glass substrate 20 from the evaporation source. In evaporating, the vaporized organic 
compound was scattered upwardly by opening the shutter and was evaporated over the 
glass substrate 20 through an opening portion provided for a metal mask, thereby forming 
the light emitting layer 502. 
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[0054] Note that PEDOT may be entirely applied and may be baked as treatment 
before evaporation of the light emitting layer 502. It is preferable to wash PEDOT after 
PEDOT is once applied and to apply PEDOT again since PEDOT has poor wettability with 
ITO that is the first electrode 501. In this way, after applying PEDOT, a heat treatment is 
performed at normal pressure to vaporize moisture, and then, a heat treatment is performed 
under reduced pressure. 

[00551 Qne °f or a plurality of layers to be provided between the first electrode 
and a second electrode forming a light emitting element is genericallv referred to as the 
light emitting layer Haver including a light emitting material) 502. The light emitting layer 
502 can be formed by using a low molecular weight organic compound material a high 
molecular weight organic compound material, or a mixture thereof appropriately. Further, a 
mixed layer in which an electron transporting material and a hole transporting material are 
appropriately mixed, or a mixed bonding in which a mixed region is formed at a bond 
interface of each material may be formed. In addition to an organic material, an inorganic 
light emitting material may be used. Further, a laminate structure of the light emitting layer 
502 is not particularly limited, and a structure in which layers made of a low molecular 
weight material are laminated or a structure in which a layer made of a high molecular 
weight material and a layer made of a low molecular weight material are laminated may be 
adopted. 

[0056] Subsequently, a second electrode 503 is formed over the light emitting 
layer 502. The second electrode 503 is made of a laminated film of a thin film containing 
metal having a small work function (Li, Mg, or Cs) and a transparent conductive film 
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laminated over the thin film containing Li, Mg, or the like. The film thickness is properly 
set to function as a cathode, but here, it is set at approximately from 0.01 (im to 1 |am in 
thickness by a known method (an electron beam evaporation method or the like). However, 
in the case of employing an electron beam evaporation method, radiation is generated when 
an acceleration voltage is too high, and thus, a TFT is damaged. However, when an 
acceleration voltage is too low, film formation speed is slowed down and productivity 
decreases. Therefore, the second electrode 503 is formed so as not to be excessively 
thicker than such a film thickness that the second electrode functions as a cathode. When 
the second electrode 503 is thin, the productivity is not affected significantly even if the 
film formation speed is slow. However, a problem of increase in resistance arises when the 
cathode is thin. The problem can be solved by forming Al or the like which is a low- 
resistance metal over the cathode by resistance heating evaporation or a sputtering method 
to be a laminated structure. In this embodiment Al-Li was formed to be 0.1 \im in 
thickness as the second electrode 503 by an electron beam evaporation method. 

[00571 Subsequently, a protective film 505 is formed over the insulating film 504 
and the second electrode 503. A film that is hardly penetrated, compared to other insulating 
films, by a substance such as moisture or oxygen to be a cause of accelerating deterioration 
of a light emitting element 506 is used as the protective film 505. Typically, a PLC film, a 
carbon nitride film, a silicon nitride film formed by an RF sputtering method, or the like is 
preferably used. In addition, film thickness thereof is preferably approximately from 10 nm 
to 200 nm. In this embodiment, a silicon nitride film was formed to have a thickness of 
100 nm by a sputtering method. 
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[0058] A laminate of the first electrode SOL the light emitting layer 502, and the 
second electrode 503, which is formed in the above-described steps, corresponds to the 
light-emitting element 506. The first electrode 501 corresponds to an anode, and the 
second electrode 503 corresponds to a cathode. In the present invention, there are singlet 
excitation and triplet excitation as an excitation state of the light emitting element 506, and 
luminescence can be generated through either excitation state. 

[00591 FIG. 4(B) shows a top view of one pixel in a display device using a light 
emitting element. FIG 4(B) shows a state that up to a pixel electrode 501 is formed. In the 
top view of FIG. 4(B), a cross sectional view equivalent to A-B-C corresponds to FIG 5(A). 
Further, FIG. 4(C) shows a circuit diagram of one pixel equivalent to FIG. 4(B). In FIGS. 
4(B) and 4(C), reference numeral 508 denotes a source line: 509, a gate line; 510, a power 
source line: 511, a capacitor element; 501, the first electrode (pixel electrode); 512, a 
switching TFT: and 513, the driving TFT. 

[0060] In this embodiment, a case where so-called bottom emission in which 
light emitted from the light emitting element 506 was extracted from a side of the substrate 
500 was performed was described. However, so-called top emission in which light is 
extracted from a direction opposite to the substrate 500 may be performed, instead. In that 
case, the first electrode 501 is formed to correspond to the cathode, and the second 
electrode 503 is formed to correspond to the anode. Further, the second electrode 503 is 
preferably made of a transparent material. In addition, the driving TFT 513 is preferably 
made of an n-channel TFT. Note that a conductivity type of the driving TFT 513 may be 
a ppropriately changed, but the capacitor element 511 is arranged to hold voltage between 
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the gate and the source. Note that the case of a light emitting device using the thin film 
transistor and the light emitting element of the present invention is described in this 
embodiment: however, the present invention can be applied to another display device such 
as a liquid crystal display device. 

[00611 This embodiment can be freely combined with the above-described 
embodiment modes. 
Embodiment 2 

[00621 An embodiment of the present invention is described with reference to 
FIG 5. FIG. 5(A) is a top view of a display panel formed by sealing a substrate over which 
a TFT is formed with a sealing material FIG 5(B) is a cross-sectional view along a line B- 
B' in FIG 5(A). FIGS. 5(C) and 5(D) are cross-sectional views along a line A-A' in FIG 
5(A). Note that FIG 5(C) is a cross-sectional view of a display panel performing bottom 
emission in which light is emitted in a direction of the substrate over which a TFT is 
formed. FIG 5(D) is a cross-sectional view of a display panel performing top emission in 
which light is emitted in a direction opposite to the substrate over which a TFT is formed. 

r00631 In FIGS. 5(A) to 5(D). a pixel portion (display portion) 602. a signal line 
driver circuit 603 which is disposed to surround the pixel portion 602, scanning line driver 
circuit 604a, and scanning line driver circuit 604b are all disposed over a substrate 60 1, and 
a seal material 606 is provided to surround all of them. The structure described in the 
above Embodiment 1, or the like can be applied to a structure of the pixel portion 602. A 
glass material a metal material a ceramic material or a plastic material is used as the seal 
material 606. The seal material 606 may be provided to partially overlap the signal line 
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driver circuit 603, the scanning line driver circuit 604a, and the scanning line driver circuit 
604b. 

[00641 In a display panel shown in FIG 5(C), a sealing material 607 is provided 
by using the seal material 606 as an adhesive layer, so that a closed space 608 is formed 
with the substrate 601, the seal material 606, and the sealing material 607. A hygroscopic 
agent 609 is provided in advance for a depression of the sealing material 607, so that it has 
a function of absorbing moisture, oxygen, and the like to keep an atmosphere clean in an 
inner portion of the closed space 608, thereby suppressing deterioration of the light 
emitting element. The depression is covered with a cover material 610 with a fine mesh 
shape. The cover material 610 allows air and moisture to pass therethrough but not the 
hygroscopic agent 609. Note that the closed space 608 may be filled with a noble gas such 
as nitrogen or argon, or can be filled with a resin or a liquid as long as it is inert. 

r00651 In a display panel in FIG. 5CD\ a transparent opposing substrate 621 is 
provided by using the seal material 606 as an adhesive layer, so that a closed space 622 is 
formed with the substrate 601, the opposing substrate 621, and the seal material 606. The 
opposing substrate 621 is provided with a color filter 620 and a protective film 623 for 
protecting the color filter. Light emitted from the light emitting element disposed in the 
pixel portion 602 is exteriorly emitted through the color filter 620, and the display panel 
performs multicolor display. The closed space 622 is filled with an inert resin, an inert 
liquid, or the like. In the case of performing multi color display, the light emitting layer 
may be set to emit each color of RGB, or a pixel provided with a light emitting layer that 
emits white light may be arranged in order that the color filter or a color conversion layer is 
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used. 

[0066] An input terminal portion 611 for transmitting a signal to the signal line 
driver circuit 603, the scanning line driver circuit 604a. and the scanning line driver circuit 
604b is provided over the substrate 601. A data signal such as a video signal is transmitted 
to the input terminal portion 611 through an FPC 612. A cross section of the input terminal 
portion 611 is as shown in FIG. 5(B\ and an input wiring 613 made of a wiring which is 
formed together with the scanning line or the signal line is electrically connected to a 
wiring 615 provided on a side of the FPC 612 bv using a resin 617 in which a conductive 
material 616 is dispersed. Note that a spherical high molecular weight compound plated 
with gold or silver may be used as the conductive material 616. 

[00671 In this embodiment, an example of applying the present invention to the 
light-emitting panel using the light emitting element is described; however, the present 
invention may be applied to a liquid crystal panel using a liquid crystal display element. 

T00681 This embodiment can be freely combined with other above-described 
embodiment modes and embodiments. 

Embodiment 3 

[00691 The following can be given as examples of electronic apparatuses to 
which the present invention is applied: a video camera: a digital camer a: a goggle type 
display; a navigation system; an audio reproducing device (car audio, or the like): a laptop 
computer; a game machine; a personal digital assistant (a mobile computer, a cellular 
phone, or the like); an image reproducing device including a recording me dium; and the 
like. Practical examples of these electronic apparatuses are shown in FIG. 6. 
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[0070] FIG 6(A) shows a light emitting device, which includes a chassis 2001, a 
su pporting section 2002, a display portion 2003, speaker portions 2004, a video input 
terminal 2005, and the like. The present invention can be applied to the display portion 
2003. The light emitting device is self-luminous and does not need a backlight, so that the 
display portion can be made thinner than that of a liquid crystal display. Note that the light 
emitting device includes all display devices for displaying information, including ones for 
personal computers, for TV broadcasting reception, and for advertisement. 

[0071] FIG. 6(B) shows a digital still camera, which includes a main body 2101, 
a display portion 2102, an image receiving portion 2103, operation keys 2104, an external 
connection port 2105, a shutter 2106, and the like. The present invention can be applied to 
the display portion 2102. 

[00721 FIG 6(C) shows a laptop personal computer, which includes a main body 
2201, a chassis 2202, a display portion 2203, a keyboard 2204, an external connection port 
2205, a pointing mouse 2206, and the like. The present invention can be applied to the 
display portion 2203. 

[0073] FIG 6(D) shows a mobile computer, which includes a main body 2301, a 
display portion 2302, an electric switch 2303, operation keys 2304, an infrared port 2305, 
and the like. The present invention can be applied to the display portion 2302. 

[00741 FIG 6(E) shows a portable image reproducing device including a 
recording medium (specifically, a DVD reproducing device), which includes a main body 
2401, a chassis 2402, a display portion A 2403, a display portion B 2404, a recording 
medium reading portion 2405, operation keys 2406, speaker portions 2407, and the like. 
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The display portion A 2403 mainly displays image information whereas the display portion 
B 2404 mainly displays text information. The present invention can be applied to the 
display portion A 2403 and the display portion B 2404. 

[0075] FIG. 6(F) shows a goggle type display (head mounted display), which 
includes a main body 2501, display portions 2502, and arm portions 2503. The present 
invention can be applied to the display portions 2502. 

[0076] FIG. 6(G) shows a video camera, which includes a main body 2601, a 
display portion 2602. a chassis 2603, an external connection port 2604, a remote control 
receiving portion 2605. an image receiving portion 2606, a battery 2607. an audio input 
portion 2608. operation keys 2609, an eye piece portion 2610. and the like. The present 
invention can be applied to the display portion 2602. 

f00771 FIG. 6(H) shows a cellular phone, which includes a main body 2701. a 
chassis 2702. a display portion 2703. an audio input portion 2704, an audio output portion 
2705. operation keys 2706, an external connection port 2707, an antenna 2708. and the like. 
The present invention can be applied to the display portion 2703. Note that if the display 
portion 2703 displays white letters on black background, the cellular phone consumes less 
power. 

[00781 As described above, the applicable range of the present invention is so 
wide that the invention can be applied to electronic devices of various fields. In addition, 
the electronic devices of this embodiment can be freely combined with the above 
embodiment modes and embodiments. 
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Advantageous Effect of the Invention 

[0079] According to the present invention, a gate insulating film can be heat- 
treated without an alignment defect in patterning even at a temperature of 700 °C that 
conventionally causes a problem of alignment in patterning due to shrinkage of a substrate 
such as glass, 

[0080] By heat-treating a gate insulating film at a temperature of 700 °C above a 
strain point of glass, an interface level is lowered; a fixed charge is reduced; a gate leakage 
current is lowered; field-effect mobility, subthreshold coefficient and the like become 
favorable; a change of transistor characteristics over time during continuous operation is 
reduced; a yield is improved; and variation in the characteristics is reduced, in a thin film 
transistor. 
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WHAT IS CLAIMED IS: 



L A thin film transistor comprising: 

an island-shaped semiconductor film and an island-shaped gate insulating film 
patterned by using the same photomask over an insulating substrate; 

a side wall made of an insulating material formed on a side face of the island- 
shaped semiconductor film; and 

a gate electrode formed over the island-shaped gate insulating film, 

characterized in that the gate electrode overlaps the side face of the island-shaped 
semiconductor film with the side wall therebetween. 

[Claim 

2} 

thin film transistor comprising: 

an island-shaped semiconductor film and an island-shaped gate insulating film 
patterned by using the same photomask over an insulating substrate; 

a side wall made of an insulating material formed on side faces of the island- 
shaped semiconductor film and the island-shaped gate insulating film; and 

a gate electrode formed over the island-shaped gate insulating film, 

characterized in that the gate electrode overlaps the side face of the island-shaped 
semiconductor film with the side wall therebetween. 

[Claim 
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3} 

._A thin film transistor comprising: 

an island-shaped semiconductor film and an island-shaped gate insulating film 

patterned by using the same photomask on an insulating surface; and 

a gate electrode formed over the island-shaped gate insulating film, 

charcterized in that a side face of the island-shaped semiconductor film is 

insulated, and 

the gate electrode overlaps with the insulated side face of the island-shaped 
semiconductor film. 
[Claim 

4} 

._A thin film transistor comprising: 

an island-shaped semiconductor film and an island-shaped gate insulating film 
patterned by using the same photomask on an insulating substrate; 

an insulating film patterned to cover side faces of the island-shaped semiconductor 
film and the island-shaped gate insulating film and only a peripheral portion of a top face of 
the island-shaped gate insulating film; and 

a gate electrode formed over the island-shaped gate insulating film, 

characterized in that the gate electrode overlaps the side face of the island-shaped 
semiconductor film with the insulating film patterned to cover the side faces of the island- 
shaped semiconductor film and the island-shaped gate insulating film and only the 
peripheral portion of the top face of the island-shaped gate insulating film therebetween. 
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[Claim 

5} 

thin film transistor according to claim 1 or 2, characterized in that effective 
thickness of the side wall in a portion covering the side face of the island-shaped 
semiconductor film in a direction perpendicular to the side face is set equal to or thicker 
than effective thickness of the island-shaped gate insulating film. 
[Claim 

6} 

._A thin film transistor according to claim 3, characterized by regarding effective 
thickness of an insulated portion of the side face of the island-shaped semiconductor film in 
a direction perpendicular to the side face as being set equal to or thicker than effective 
thickness of the island-shaped gate insulating film. 

[Claim 

7} 

._A thin film transistor according to claim 4, characterized by regarding effective 
thickness of the insulating film patterned to cover the side faces of the island-shaped 
semiconductor film and the island-shaped gate insulating film and only the peripheral 
portion of the top face of the island-shaped gate insulating film as being set equal to or 
thicker than effective thickness of the island-shaped gate insulating film. 

[Claim 

8} 

._A method for manufacturing a thin film transistor, characterized by comprising: 
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forming a semiconductor film over an insulating substrate; 

forming a first insulating film over the semiconductor film; 

heat-treating the semiconductor film and the first insulating film; 

patterning the semiconductor film and the first insulating film into island shapes 
with the use of the same photomask after the heat treatment to form an island-shaped 
semiconductor film and an island-shaped gate insulating film; 

forming a second insulating film over the island-shaped gate insulating film; 

etching the second insulating film anisotropically to form a side wall covering side 
faces of the island-shaped semiconductor film and the island-shaped gate insulating film in 
self-aligned manner; 

forming a conductive film over the island-shaped gate insulating film after 
forming the side wall; and 

patterning the conductive film to form a gate electrode. 
[Claim 

method for manufacturing a thin film transistor, characterized by comprising: 

forming a semiconductor film over an insulating substrate; 

forming an insulating film over the semiconductor film; 

heat-treating the semiconductor film and the insulating film; 

patterning the semiconductor film and the insulating film into island shapes with 
the use of one resist mask after the heat treatment to form an island-shaped semiconductor 
film and an island-shaped gate insulating film; 
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insulating a side face of the semiconductor film by adding oxygen or nitrogen to a 
side face of the island-shaped semiconductor film without removing the resist mask; 
forming a conductive film over the island-shaped gate insulating film; and 
patterning the conductive film to form a gate electrode. 
[Claim 

10} 

._A method for manufacturing a thin film transistor, characterized by comprising: 

forming a semiconductor film over an insulating substrate; 

forming a first insulating film over the semiconductor film; 

heat-treating the semiconductor film and the first insulating film; 

patterning the semiconductor film and the first insulating film into island shapes 
with the use of the same photomask after the heat treatment to form an island-shaped 
semiconductor film and an island-shaped gate insulating film; 

forming a second insulating film over the island-shaped gate insulating film; 

patterning the second insulating film to cover edge portions of the island-shaped 
semiconductor film and the island-shaped gate insulating film and only a peripheral portion 
of a top face of the island-shaped gate insulating film; 

forming a conductive film over the island-shaped gate insulating film; and 

patterning the conductive film to form a gate electrode. 

[Claim 

11} 

._A method for manufacturing a thin film transistor, characterized by comprising: 
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forming a semiconductor film over an insulating substrate; 
forming a first insulating film over the semiconductor film; 
forming a first conductive film over the first insulating film; 
heat-treating the semiconductor film, the first insulating film, and the first 
conductive film, 

patterning the semiconductor film, the first insulating film, and the first conductive 
film into island shapes with the use of the same photomask after the heat treatment to form 
an island-shaped semiconductor film, an island-shaped gate insulating film, and a first 
island-shaped conductive film; 

forming a second insulating film over the first island-shaped conductive film; 

etching the second insulating film anisotropically to form a side wall covering side 
faces of the island-shaped semiconductor film, the island-shaped gate insulating film, and 
the first island-shaped conductive film in a self-aligned manner; 

forming a second conductive film over the first island-shaped conductive film after 
forming the side wall; and 

patterning the first island-shaped conductive film and the second conductive film 
to form a gate electrode. 

[Claim 

12} 

._A method for manufacturing a thin film transistor, characterized by comprising: 
forming a semiconductor film over an insulating substrate; 
forming an insulating film over the semiconductor film; 
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forming a first conductive film over the insulating film; 

heat-treating the semiconductor film, the insulating film, and the first conductive 

film; 

patterning the semiconductor film, the insulating film, and the first conductive film 
into island shapes with the use of the same resist mask after the heat treatment to form an 
island-shaped semiconductor film, an island-shaped gate insulating film, and a first island- 
shaped conductive film; 

adding oxygen or nitrogen to a side face of the island-shaped semiconductor film 
without removing the resist mask to insulate a side face of the semiconductor film; 

forming a second conductive film over the first island-shaped conductive film; and 

patterning the first island-shaped conductive film and the second conductive film 
to form a gate electrode. 

[Claim 

13} 

method for manufacturing a thin film transistor, characterized by comprising: 
forming a semiconductor film over an insulating substrate; 
forming a first insulating film over the semiconductor film; 
forming a first conductive film over the insulating film; 

heat-treating the semiconductor film, the first insulating film, and the first 
conductive film; 

patterning the semiconductor film, the first insulating film, and the first conductive 
film into island shapes with the use of the same photomask after the heat treatment to form 
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an island-shaped semiconductor film, an island-shaped gate insulating film, and a first 
island-shaped conductive film; 

forming a second insulating film over the first island-shaped conductive film; 

patterning the second insulating film to cover edge portions of the island-shaped 
semiconductor film, the island-shaped gate insulating film, and the first island-shaped 
conductive film and only a peripheral portion of a top face of the first island-shaped 
conductive film; 

forming a second conductive film over the island-shaped gate insulating film; and 
forming a gate electrode by patterning the first conductive film and the second 
conductive film. 
[Claim 

14} 

._A method for manufacturing a thin film transistor according to any one of claims 
8, 10, 11 and 13, characterized in that the heat-treatment of the semiconductor film and the 
first insulating film is done at a temperature of from 600 °C to 800 °C. 

[Claim 

15} 

._A method for manufacturing a thin film transistor according to claim 9 or 12, 
characterized in that the heat-treatment of the semiconductor film and the insulating film is 
done at a temperature of from 600 °C to 800 °C. 

[Claim 
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16} 

. A method for manufacturing a thin film transistor according to claim 14, 

characterized in that a strain point of the insulating substrate is equal to or lower than 600 
°C. 

[Claim 

17} 

. A method for manufacturing a thin film transistor according to claim 15, 

characterized in that a strain point of the insulating substrate is equal to or lower than 600 
°C. 

[Claim 

18} 

. A method for manufacturing a thin film transistor according to claim 9, 

characterized in that the gate electrode is led outside the island-shaped semiconductor film. 
[Claim 

19} 

. A method for manufacturing a thin film transistor according to claim 10, 

characterized in that the gate electrode is led outside the island-shaped semiconductor film. 

[Claim 

20} 

. A method for manufacturing a thin film transistor according to claim 11, 

characterized in that the gate electrode is led outside the island-shaped semiconductor film. 
[Claim 
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21} 

. A method for manufacturing a thin film transistor according to claim 12, 

characterized in that the gate electrode is led outside the island-shaped semiconductor film. 
[Claim 

22} 

. A method for manufacturing a thin film transistor according to claim 13, 

characterized in that the gate electrode is led outside the island-shaped semiconductor film. 

[Claim 

23} 

^An electronic apparatus comprising the thin film transistor according to any one 

of claim 1 to 4, 

characterized in that the electronic apparatus is selected from the group consisting 
of a light emitting device, a digital still camera, a personal computer, a mobile computer, an 
image reproducing device, a goggle type display, a video camera, and a cellular phone. 
[D e tail e d Description of th e Inv e ntion] 

{000+} 

[T e chnical Fi e ld to which th e Inv e ntion p e rtain s ] 

The pr e sent inv e ntion r e lat e s to a semiconductor e l e m e nt typifi e d by a fi e ld e ff e ct 
transistor to b e formed ov e r a substrat e having a low strain point and to a m e thod for 
manufacturing th e sam e , and relat e s to a semiconductor int e grat e d circuit including th e 
s e miconductor e l e m e nt and to a m e thod for manufacturing th e sam e . — Sp e cifically, th e 
pr e s e nt inv e ntion r e lates to a thin film transistor in which a gat e insulating film is heat 
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tr e at e d at a temp e ratur e b e yond a strain point of a substrat e such as gla s s and to a m e thod 
for manufacturing th e sam e . 
[Prior Art] 

In rec e nt y e ars, d e v e lopment of a syst e m on pan e l incorporating a logic circuit 
such as a CPU or a m e mory as w e ll as a pixel or a driv e r circuit ov e r a light transmitting 
insulating substrat e such as glass or quartz has b ee n attracting att e ntion. — High sp ee d 
op e ration is r e quir e d for a driv e r circuit and a logic circuit, and manufacturing a thin film 
tran s i s tor (hereinafter, also referred to as a TFT) having high switching spood is required in 
ord e r to r e aliz e it. It is e ff e ctive for r e alizing a TFT having high e r switching sp e ed to use a 
s e miconductor film with f e w e r crystal d e fects as an activ e lay e r, to mak e a gat e insulating 
film thinner, and to miniaturize a transistor siz e typifi e d by miniaturization of a gate l e ngth. 

Charact e ristics requir e d for a gat e insulating film can b e giv e n as follows: f e w d e f e cts in a 
thin film; without a fix e d charge; a low int e rface level with a semiconductor film; low 
leakag e current; and the lik e . Howev e r, a gat e l e akag e curr e nt t e nds to increase with a 
d e cr e as e in a film thickn e ss of a gat e insulating film. — In addition, such a fin e gate 
insulating film that can low e r a gat e l e akage curr e nt is requir e d in order to make the gat e 
insulating film thinn e r. 
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Abstract 

An object of the present invention is to provide a method for manufacturing a thin 
film transistor which enables heat treatment aimed at improving characteristics of a gate 
insulating film such as lowering of an interface level or reduction in a fixed charge without 
causing a problem of misalignment in patterning due to expansion or shrinkage of glass. A 
fi e ld e ff e ct s e miconductor d e vice that can bo driv e n with a low voltag e and r e sponds w e ll 
to a high driv e fr e qu e ncy can b e obtain e d by making th e gat e insulating film thinn e r. 

[Patent Document 1] Japanese Patent Laid Open No. H6 1 88 121 
{0004} 

[Problem to be Solv e d by the Inv e ntion] 

In th e cas e of forming a silicon film ov e r a transpar e nt insulating substrat e such as 
glass and manufacturing an integrated circuit by using th e silicon film, a manufacturing 
techniqu e dev e lop e d in a largo scale integrated circuit using a single crystal silicon 
substrat e cannot b e div e rted dir e ctly. This is b e cause a proc e ssing temperature is restrict e d 
in torms of hoat r e sistanc e of glass or the liko that is a substrat e over which an int e grat e d 
circuit is form e d as w e ll as becaus e of a crystallinity problem of a silicon film 
(polycrystallin e silicon film or th e lik e ) for manufacturing an integrated circuit. 

{000£f 

A gat e insulating film which is fin e and has good el e ctrical ad e quacy can b e 
form e d by a CVD method, but a film formation t e mperature is requir e d to be e qual to or 
more than 750 °C. A plasma CVD method makes it possible to form a film at a low 
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t e mp e ratur e ; how e v e r, it is a probl e m that a film is damag e d by a charg e d particle in plasma 
and a d e fect or a pinhol e is easily caus e d. — Furth e r, in th e cas e that a film formation 
temperature is e qual to or l e ss than 500 °C, hydrogen is includ e d within a film and film 
stability is d e cr e as e d. On th e contrary, a radio frequ e ncy sputt e ring m e thod can form a thin 
film without hydrogen contamination. However, a film fine enough to bo generally used as 
a gat e insulating film is not obtained by a radio fr e qu e ncy sputt e ring m e thod in comparison 
with a CVD method. 
{0006} 

Miniaturization of an clement size is further required to manufacture a TFT having 
high switching speed that is essential for an element of a logic operation circuit and to 
obtain higher integration. A high quality gate insulating film is essential to bo formed to 
achieve the miniaturization. The gate insulating film is preferably hoat treated after the 
formation in order to form a high quality gate insulating film. However, a substrate such as 
glass that expands or shrinks before or after applying a temperature above a strain point has 
a problem that misalignment occurs in patterning a film formed over the substrat e . 
Therefore, it is difficult to hoat treat a gate insulating film at a temperature above a strain 
point of the substrate. 

{0007} 

A typical stop of manufacturing a TFT over a glass substrat e is dosoribod with 
roforonoo to FIG. 7. FIGS. 7(E) to 7(H) aro top views, and FIGS. 7(A) to 7(D) are cross 
sectional views along broken linos A B and broken linos B C in the respective top views. 
In FIG. 7, stops of from forming a semiconductor film, element isolation to manufacturing a 
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gat e e l e ctrod e ar e particularly d e scrib e d. 

First, a base film 11 and a semiconductor film 12 ar e form e d ov e r an insulating 
substrate 10 (FIGS, 7(A) and 7(E)). — Subsequently, element isolation is performed by 
processing the semiconductor film 12 into island shapes to form a transistor formation 
region 13 and a transistor formation region 14 (FIGS. 7(B) and 7(F)), Subsequently, a gate 
insulating film 15 and a conductive film 16 are formed (FIGS. 7(C) and 7(G)). Lastly, th e 
conductiv e film 16 is patterned to form a gate electrode 18 (FIGS. 7(D) and 7(H)). Not e 
that a region of the gate insulating film 15 which is not overlapped with the gate electrode 
18 is etch e d by etching in forming the gat e electrod e 18, and it b e comes a gate insulating 
film 17. 

{0009} 

As describ e d abov e , clement isolation is performed on th e s e miconductor film 12 
to bo island shapes; then, the gate insulating film 15 and the conductive film 16 are formed. 
Thereafter, the conductive film 16 is patt e rned with the gate electrode 18 positioned to 
island shaped semiconductor films, that is, the transistor formation regions 13 and H; thus, 
a transistor is form e d. — In this m e thod, an upper limit of a proc e ss temp e rature after 
proc e ssing the semiconductor film 12 into island shapes is d e termin e d by consid e ring 
shrinkag e of the substrate so that a defect due to misalignment in patt e rning is not caus e d. 

fowq 

It is an object of the present invention to provide a thin film transistor which 
e nables heat treatm e nt aim e d at improving charact e ristics of a gate insulating film such as 
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low e ring of an int e rfac e l e v e l or r e duction in a fixed charg e without causing a probl e m of 
misalignment in patt e rning du e to e xpansion or shrinkag e of a substrat e such as glass and to 
provid e a m e thod for manufacturing th e sam e . 

[M e ans to Solv e th e Probl e m] 

An invention of this sp e cification is a thin film transistor comprising: an island 
shap e d s e miconductor film and an island shap e d gat e insulating film patt e rn e d by using the 
sam e photomask ov e r an insulating substrate; a side wall made of an insulating mat e rial 
form e d on a sid e face of th e island shaped s e miconductor film; and a gate electrod e form e d 
over the island shap e d gat e insulating film, charact e rized in that the gat e e lectrode ov e rlaps 
the sid e face of th e island shap e d semiconductor film with th e side wall therebetw ee n. 

mm 

An inv e ntion of this specification is a thin film transistor comprising: an island 
shap e d s e miconductor film and an island shaped gate insulating film patt e rned by using the 
sam e photomask over an insulating substrate; a side wall made of an insulating mat e rial 
form e d on sid e fac e s of the island shaped s e miconductor film and th e island shap e d gat e 
insulating film; and a gat e e l e ctrod e formed over th e island shap e d gat e insulating film, 
charact e riz e d in that the gate e l e ctrode ov e rlaps the side face of th e island shap e d 
semiconductor film with th e sid e wall th e r e b e twe e n. 

{©©«} 

An inv e ntion of this sp e cification is a thin film transistor comprising: an island 
shap e d s e miconductor film and an island shaped gate insulating film patterned by using th e 
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same photomask over an insulating surface; and a gat e e l e ctrod e form e d over th e island 
shap e d gat e insulating film, characteriz e d in that a sid e fac e of th e island shap e d 
s e miconductor film is insulat e d, and th e gate electrod e ov e rlaps th e insulat e d sid e fac e of 
th e i s land shap e d s e miconductor film. 

An inv e ntion of this sp e cification is a thin film transistor comprising: an island 
s hap e d se miconductor film and an i s land shap e d gate in s ulating film patt e rn e d by using th e 
sam e photomask ov e r an insulating substrat e ; an insulating film patt e rn e d to cov e r sid e 
fac e s of the island shap e d semiconductor film and the island shap e d gate insulating film 
and only a periph e ral portion of a top fac e of th e island shap e d gat e insulating film; and a 
gate e l e ctrod e form e d ov e r th e island shap e d gat e insulating film, charact e riz e d in that th e 
gate e l e ctrode ov e rlaps th e sid e face of th e island shaped s e miconductor film with the 
insulating film patt e rned to cover th e side fac e s of th e island shap e d s e miconductor film 
and th e island shap e d gat e insulating film and only the periph e ral portion of th e top fac e of 
th e island shap e d gate insulating film therebetwe e n. 

An invention of this specification is a method for manufacturing a thin film 
transistor, charact e riz e d by comprising the steps of: forming a s e miconductor film ov e r an 
insulating substrat e ; forming a first insulating film over the s e miconductor film; h e at 
treating the s e miconductor film and th e first insulating film; forming an island shap e d 
semiconductor film and an island shaped gate insulating film by patt e rning th e 
semiconductor film and th e first insulating film into island shap e s with th e us e of th e sam e 



-50- 



photomask aft e r the heat tr e atm e nt; forming a s e cond insulating film ov e r th e island shap e d 
gat e in s ulating film; forming a sid e wall covering a sid e fac e of the island shap e d 
s e miconductor film and a sid e fac e of the island shap e d gate insulating film in a s e lf 
align e d mann e r by anisotropically e tching th e s e cond insulating film; forming a conductiv e 
film ov e r th e island shap e d gate insulating film aft e r forming th e sid e wall; and forming a 
gate el e ctrod e by patt e rning the conductiv e film. 

An invention of this specification is a method for manufacturing a thin film 
transistor, charact e rized by comprising the steps of: forming a s e miconductor film ov e r an 
insulating substrat e ; forming an insulating film ov e r the semiconductor film; hoat tr e ating 
the s e miconductor film and th e insulating film; forming an island shap e d semiconductor 
film and an island shaped gat e insulating film by patterning the semiconductor film and the 
insulating film into island shapes with th e use of on e resist mask after th e hoat treatm e nt; 
insulating a side face of the semiconductor film by adding oxygon or nitrogen to the sid e 
face of the island shap e d s e miconductor film without removing the r e sist mask; forming a 
conductiv e film ov e r th e island shaped gat e insulating film; and forming a gate el e ctrod e by 
patt e rning th e conductiv e film. 

{WO] 

An invention of this specification is a method for manufacturing a thin film 
transistor, charact e riz e d by comprising the steps of: forming a s e miconductor film over an 
insulating substrate; forming a first insulating film ov e r th e semiconductor film; h e at 
treating th e semiconductor film and the first insulating film; forming an island shap e d 
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s e miconductor film and an island shap e d gate insulating film by patterning th e 
s e miconductor film and th e first insulating film into island shapes with tho use of one 
photomask after the h e at tr e atment; forming a s e cond insulating film ov e r the island shap e d 
gate insulating film; patterning th e s e cond insulating film to cover e dge portions of th e 
island shaped semiconductor film and tho island shaped gate insulating film and only a 
peripheral portion of a top face of the island shaped gate insulating film; forming a 
conductive film ov e r th e island shaped gat e insulating film; and forming a gate electrode by 
patterning the conductiv e film. 

An inv e ntion of this specification is a method for manufacturing a thin film 
transistor, characterized by comprising tho stops of: forming a semiconductor film over an 
insulating substrate; forming a first insulating film on tho semiconductor film; forming a 
first conductive film over tho first insulating film; heat treating the semiconductor film, tho 
first in s ulating film, and tho first conductive film; forming an island shaped s e miconductor 
film, an island shaped gate insulating film, and a first island shaped conductive film by 
patterning tho somiconductor film, tho first insulating film, and tho first conductive film 
into island shapes with tho use of tho same photomask after tho h e at treatment; forming a 
second insulating film ovor tho first island shaped conductive film; forming a side wall 
covering a sido face of th e island shap e d semiconductor film, a side faco of tho island 
shaped gate insulating film, and a sido faco of tho first island shap e d conductive film in a 
self aligned manner by anisotropically etching tho second insulating film; forming a second 
conductive film ovor tho first island shaped conductive film after forming tho sido wall; and 
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forming a gat e el e ctrod e by patt e rning th e first island shap e d conductiv e film and th e 
s e cond conductiv e film. 

An invention of this sp e cification is a method for manufacturing a thin film 
transistor, charact e riz e d by comprising th e steps of: forming a s e miconductor film ov e r an 
in s ulating substrat e ; forming an insulating film ov e r th e s e miconductor film; forming a first 
conductiv e film over th e insulating film; heat tr e ating th e s e miconductor film, th e 
in s ulating film, and th e first conductiv e film; forming an island shap e d semiconductor film, 
an island shap e d gat e insulating film, and a first island shaped conductive film by 
patt e rning th e s e miconductor film, the insulating film, and th e first conductiv e film into 
island shap e s with the use of th e sam e r e sist mask aft e r th e heat tr e atm e nt; insulating a sid e 
fac e of the semiconductor film by adding oxyg e n or nitrog e n to th e sid e fac e of the island 
shap e d s e miconductor film without removing th e r e sist mask; forming a second conductiv e 
film ov e r th e first island shaped conductiv e film; and forming a gate electrod e by 
patt e rning the first island shap e d conductiv e film and the s e cond conductiv e film. 

An inv e ntion of this sp e cification is a method for manufacturing a thin film 
transistor, charact e riz e d by comprising the st e ps of: forming a s e miconductor film ov e r an 
insulating substrate; forming a first insulating film ov e r th e s e miconductor film; forming a 
first conductiv e film over th e insulating film; heat tr e ating th e s e miconductor film, th e first 
insulating film, and th e first conductive film; forming an island shap e d s e miconductor film, 
an island shap e d gat e insulating film, and a first island shap e d conductiv e film by 
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patt e rning th e s e miconductor film, th e first insulating film, and th e first conductiv e film 
into island shap e s with th e us e of th e same photomask aft e r th e h e at tr e atm e nt; forming a 
se cond insulating film ov e r th e first island shap e d conductiv e film; patt e rning th e s e cond 
insulating film to cov e r e dg e portions of th e island shap e d s e miconductor film, th e island 
shaped gate insulating film, and th e first island shap e d conductiv e film and only a 
p e riph e ral portion of a top face of th e first island shaped conductiv e film; forming a s e cond 
conductive film ov e r the island shap e d gat e insulating film; and forming a gat e e l e ctrod e by 
patt e rning the first conductive film and th e s e cond conductiv e film. 

A method for manufacturing a thin film transistor according to th e invention of this 
sp e cification furth e r is characteriz e d by comprising th e st e ps of: h e at treating in a stat e 
where at least a gate insulating film is formed ov e r a semiconductor film on which e l e ment 
isolation is not p e rform e d; isolating th e gate insulating film and th e s e miconductor film into 
an e l e m e nt structur e by using on e photomask after the heat tr e atment; forming an insulating 
film cov e ring a side fac e of an e xpos e d semiconductor film; and forming a gat e e l e ctrod e 
over th e gate insulating film. Expansion or shrinkage of a substrat e such as glass during the 
h e at tr e atment can bo prevented from aff e cting misalignment in patt e rning sinc e th e gat e 
insulating film and the s e miconductor film ar e simultan e ously patt e rn e d and proc e ss e d into 
elem e nt shapes aft e r the heat tr e atm e nt. The sid e fac e of th e s e miconductor film is expos e d 
in a condition that th e gat e insulating film and th e semiconductor film are simultan e ously 
patt e rn e d and proc e ss e d into e lem e nt shapes. Th e n, one f e ature is that an insulating film 
covering th e sid e face of th e semiconductor film is form e d befor e forming an electrod e 
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such as a gat e e l e ctrode or a wiring ov e r th e gat e insulating film. Thus, a short circuit is 
pr e v e nt e d b e tw ee n th e s e miconductor film that is proc e ss e d into an e lem e nt structur e and 
an e l e ctrode or a wiring to b e form e d ov e r th e gate insulating film. 

In the invention of this specification, a substrate having a lower strain point than a 
heat treatment temperature of from 600 °C to 800 °C to bo applied to a gate insulating film 
is effectively us e d as an insulating substrate over which a thin film transistor is formed, 
r e gardl e ss of its typ e . 

{0035} 

Further, a laminated film of a s e miconductor film and a gat e insulating film on 
which e lement isolation is not performed is simultan e ously h e at treat e d in the inv e ntion of 
this specification. Furnace or RTA (Rapid Thermal Anneal) may be used for the heat 
treatment. Eith e r gas heating or lamp h e ating can b e used in RTA treatm e nt. Preferably, 
lamp h e ating treatment may b e perform e d with up to a conductive film for forming at l e ast 
on e part of a gat e e l e ctrod e formed ov e r th e laminat e d film. In the cas e of using a halog e n 
lamp having a p e ak of an e mitted sp e ctrum in an infrar e d r e gion, th e conductive film 
effectively absorbs emitted light. Not only can the gate insulating film bo effectively 
heat e d, but also an interface betwoon th e gate insulating film and th e conductiv e film can 
bo hoat tr e at e d. — Cons e quently, characteristics such as r e duction in a leakage curr e nt 
r e sulting from th e interfac e b e twoon th e gate oloctrodo and th e gat e insulating film can b e 
improv e d. 

{0034} 
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A side fac e of th e semiconductor film is e xpos e d in th e cas e of simultan e ously 
p e rforming element isolation on th e laminat e d film including th e s e miconductor film and 
th e gat e insulating film, — Th e r e for e , th e side fac e of the s e miconductor film is short 
circuit e d with th e gat e e l e ctrod e in th e cas e of succ e ssiv e ly forming a conductiv e film for 
forming th e gate e lectrod e . Particularly, th e sid e fac e of th e s e miconductor film and a 
portion for l e ading the gat e electrode outsid e th e s e miconductor film on which e lement 
i s olation is performed ar e short circuit e d. Th e n, an insulating film cov e ring the sid e fac e of 
th e s e miconductor film is r e quir e d. — Th e insulating film cov e ring the side fac e of th e 
s e miconductor film can b e form e d by forming an insulating film cov e ring an e ntire surface 
of th e substrat e ov e r patt e rn e d semiconductor film and gate insulating film, anisotropically 
etching the insulating film, and processing into a side wall shape in a s e lf align e d mann e r. 
In addition, a method for insulating the side face of the semiconductor film at a low 
temp e rature or a method for patterning th e insulating film to cov e r side fac e s of th e 
semiconductor film and the gat e insulating film and only a p e ripheral portion of a top fac e 
of th e gate insulating film is given as another method for forming the insulating film 
covering the sid e fac e of th e s e miconductor film. Th e insulating film covering th e sid e fac e 
of the s e miconductor film can bo form e d to have higher precision sinc e th e r e is no 
misalignment in th e case of forming in a self aligned manner. Th e r e fore, in the cas e of 
intending int e gration, it is pref e rabl e to manufacture the insulating film by a m e thod for 
forming into a sid e wall shape or a m e thod for insulating th e sid e face of th e semiconductor 
film at a low t e mperatur e . In this way, th e insulating film is form e d only on a desir e d sid e 
face of a s e miconductor film. 
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{002S} 

According to th e pr e s e nt invention having th e above structur e s, a gate insulating 
film can b e h e at tr e at e d without a probl e m of an alignm e nt d e f e ct in patt e rning e v e n at a 
t e mp e ratur e of 700 °C that conv e ntionally caus e s a probl e m of misalignm e nt in patt e rning 
du e to shrinkag e of a substrat e such as glass. 

{0036} 

In the pr e s e nt inv e ntion, a gat e insulating film can b e h e at tr e at e d at a t e mp e ratur e 
of 700 °C above a strain point of a substrat e such as glass. Th e r e for e , an interfac e lev e l is 
low e r e d; a fix e d charg e is r e duc e d; a gat e l e akag e curr e nt is low e r e d; fi e ld e ff e ct mobility, 
subthr e shold co e ffici e nt, and th e lik e b e com e favorabl e ; a chang e of transistor 
charact e ristics ov e r tim e during continuous op e ration can b e reduc e d; a yi e ld is improv e d; 
and variation in th e charact e ristics is r e duc e d, in a thin film transistor. 

{0027} 

[Embodim e nt of th e Invention] 
(Embodiment Mod e 1) 

A gla s s s ubstrat e mad e of a mat e rial such as barium borosilicat e glass, alumino 
borosilicat e glass, or aluminosilicat e glass, or th e lik e can b e given as a substrate which can 
b e appli e d in this e mbodim e nt mod e . Typically, a 1737 glass substrat e (strain point: 667 
°C) manufactur e d by Corning, Inc., AN100 (strain point: 670 °C) manufactur e d by Asahi 
Glass Co., Ltd., or th e lik e can be appli e d, but th e re is no particular limitation on oth e r 
similar substrat e s. 
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{0028} 

A first inorganic insulating lay e r 21 mad e of an insulating film such as a silicon 
oxide film, a silicon nitrid e film, or a silicon oxynitrid e film (SiOxNy) is form e d ov e r a 
glas s s ubstrat e 20, as shown in FIGS. 1(A) and 1(E), using th e abov e substrat e . A typical 
e xample of th e first inorganic insulating lay e r 21 has a two lay e r structur e , which is a 
structur e wh e r e a first silicon oxynitrid e film form e d to be 50 run in thickn e ss by a plasma 
CVD m e thod using Stfii, NH^, and N^O a s a r e active gas and a second silicon oxynitrid e 
film form e d to b e 100 nm in thickn e ss by a plasma CVD m e thod using SiFU and N^O as a 
r e activ e gas ar e laminat e d. 

{0029} 

A crystallin e s e miconductor film 22 s e rving as an active lay e r of a TFT is obtain e d 
by crystallizing an amorphous semiconductor film form e d over th e first inorganic 
insulating lay e r 21. A crystallin e silicon film or th e lik e can b e us e d for th e crystallin e 
s e miconductor film 22. Thickn e ss of th e amorphous s e miconductor film is s e l e ct e d in th e 
rang e wh e r e thickn e s s of th e cry s tallin e semiconductor film 22 obtain e d by crystallizing th e 
amorphous s e miconductor film is to b e from 20 nm to 60 nm. An upper limit of th e film 
thickn e ss of th e crystallin e s e miconductor film 22 s e rving as an activ e lay e r of a TFT is a 
maximum valu e for op e rating as a fully d e pl e t e d typ e in a chann e l r e gion of a TFT. A 
low e r limit of th e film thickn e ss is a limitation on a proc e ss, and is s e t as a minimum valu e 
r e quir e d in s e l e ctiv e ly proc ess ing only th e cry s tallin e s e miconductor film 22 during an 
e tching step of th e crystallin e s e miconductor film 22. 
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A gat e insulating film 23 is form e d ov e r th e crystallin e s e miconductor film 22. A 
silicon oxide film formed by a r e activ e sputt e ring m e thod using Ar and and utilizing a Si 
targ e t, a silicon oxynitrid e film form e d by a CVD m e thod using SiFL tr-NH a, and N^O as a 
r e activ e gas, or th e like can b e us e d for th e gat e insulating film 23, Th e gat e in s ulating film 
23 i s not limit e d to a silicon compound, and high di e l e ctric constant m e tal oxid e that has a 
higher di e l e ctric constant than that of silicon oxid e and by which an e ff e ct of making th e 
gat e insulating film thinn e r i s e ff e ctively obtain e d may b e us e d. Eff e ctiv e film thickn e ss 
can b e e xpr e ss e d as a product t kj kz of actual film thickn e ss t and ratio kj k z of a r e lativ e 
di e l e ctric constant lei of a film mat e rial to b e a benchmark such as silicon oxid e to a r e lativ e 
di e l e ctric con s tant of an actual film mat e rial. Not e that a film thickn e ss of th e gate 
insulating film 23 is s e t by a scaling law and a proc e ss margin, and th e thickn e ss of th e gat e 
insulating film 23 is s e t to b e from 20 nm to 80 nm in ord e r to manufactur e a TFT with a 
gat e l e ngth of from 0.35 jim to 2.5 |am h e r e . 

{0031} 

Subs e qu e ntly, a first conductive film 2 4 is form e d ov e r th e gate insulating film 23. 
A tantalum nitrid e film is form e d by reactiv e sputt e ring using Ar and Na gas and utilizing a 
Ta targ e t to have a film thickn e ss of from 10 nm to 50 nm for th e first conductiv e film 24. 
Another conductiv e film as w e ll as a tantalum compound may b e us e d for th e first 
conductiv e film 24. How e v e r, th e first conductiv e film 24 i s pr e f e rably a mat e rial that 
absorbs light within a wav e l e ngth of approximat e ly 1 |im and a material that can hav e an 
e nough s e l e ctiv e ratio in e tching with a s e cond conductiv e film 34 to b e form e d lat e r. 
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Subsequ e ntly, th e crystallin e s e miconductor film 22, th e gat e insulating film 23 , 
and th e first conductiv e film 2 4 ar e heat tr e ated, as shown in FIGS. 1(B) and 1(F). RTA 
tr e atm e nt that is capabl e of h e ating and cooling instantan e ously is e mploy e d as h e at 
treatm e nt. A t e mp e rature rises up to a t e mp e ratur e of from 600 °C to 800 °C in 10 s e conds 
to 120 s e conds, and heat tr e atm e nt is perform e d at a temperatur e of from 600 DC to 800 °C 
for 30 se conds to 180 seconds in RTA tr e atment. Not e that th e r e ar e a ga s h e ating m e thod 
using a h e at e d gas and a lamp h e ating m e thod by e mission of a lamp as th e RTA tr e atm e nt. 
Th e glass substrate 20 its e lf is h e ated by a gas in th e cas e of th e ga s h e ating m e thod, and 
th e gat e insulating film 23 can b e h e at tr e ated. How e v e r, t e mp e ratur e rising e ffici e ncy is 
g e n e rally r e markably in e ffici e nt in th e lamp h e ating method. — Thi s is b e caus e th e glass 
substrat e 20 its e lf is hard to b e h e at e d since a typical halogen lamp has a peak of an e mitt e d 
sp e ctrum at approximat e ly 1 |im and th e glass substrat e 20 do e s not suffici e ntly absorb 
light within such a wav e length r e gion by its e lf. In this e mbodiment mod e , h e at conduction 
to th e gat e insulating film 23 occurs by using a tantalum nitrid e film as an absorber lay e r 
since the tantalum nitrid e film that is th e fir s t conductive film 2 4 absorbs light within a 
wav e l e ngth of approximately 1 |im. — Cons e qu e ntly, th e gate insulating film 23 can b e 
e ffici e ntly h e at tr e at e d. Not e that th e h e at tr e atm e nt is p e rformed at a t e mp e ratur e abov e 
th e strain point of glass, and shrinkag e of th e glass substrat e 20 is caus e d. How e v e r, a 
patterning defect du e to th e shrinkag e is not caus e d in a lat e r st e p sinc e th e crystallin e 
s e miconductor film 22 is not proc e ss e d into an e l e m e nt shap e y e t at th e time of th e h e at 
tr e atm e nt. 
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Subs e qu e ntly, th e crystallin e s e miconductor film 22, th e gat e insulating film 23, 
and th e first conductiv e film 2 4 are coll e ctiv e ly e tched into island shap es by using th e sam e 
photomask, as shown in FIGS. 1(C) and 1(G). For e xampl e , an ICP (Inductiv e ly Coupl e d 
Plasma) e tching m e thod can be appli e d as an etching m e thod. A mixed gas of CF4 and C12 
can b e us e d as an e tching gas in e tching th e first conductiv e film 21 mad e of a tantalum 
nitrid e film. A CHF^ ga s can b e u se d for e tching th e gat e insulating film 23 mad e of a 
silicon oxid e film, and a mix e d gas of CF 4 and 02 can b e us e d in e tching th e crystallin e 
se miconductor film 22 mad e of a crystallin e silicon film. Thus, a cry s tallin e s e miconductor 
film 25 and a crystallin e s e miconductor film 28 which ar e proc e ssed into island shap e s, a 
gat e insulating film 26 and a gate insulating film 29 which ar e process e d into island shap e s, 
and a first conductiv e film 27 and a first conductiv e film 30 which ar e process e d into island 
shap e s ar e form e d. 

{0034} 

Subs e qu e ntly, an insulating film 31 cov e ring an entir e surfac e of th e glass 
substrat e 20 is form e d to cov e r e xpos e d side faces of th e crystallin e s e miconductor film 25 
and th e crystallin e s e miconductor film 28 as shown in FIGS. 1(D) and 1(H). A s ilicon 
oxid e film form e d by a low pr e ssur e CVD m e thod which isotropically grows to hav e a film 
thickn e ss of from 500 nm to 1.5 [im is us e d as the insulating film 31. Not e that th e 
insulating film 31 is only n e c e ssary to b e an insulating film, and a silicon nitrid e film or a 
silicon oxynitrid e film can b e us e d without b e ing limit e d to the silicon oxid e film. 
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Subs e qu e ntly, a sid e wall 32 and a side wall 33 cov e ring s ide fac e s of th e 
crystallin e s e miconductor film 25 and th e crystallin e s e miconductor film 28 and sid e faces 
of the gat e insulating film 26 and th e gat e insulating film 29 can b e form e d as shown in 
FIGS. 2(A) and 2(F) by applying a pred e t e rmin e d bias voltag e to a glass substrate 20 side 
and anisotropically etching th e insulating film 31 mad e of a silicon oxid e film. Eff e ctive 
thickness of th e side wall 32 and th e sid e wall 33 in a portion cov e ring th e sid e fac e s of th e 
crystalline semiconductor film 25 and the crystallin e semiconductor film 28 in a dir e ction 
p e rp e ndicular to th e sid e fac e s is s e t e qual to or thicker than e ff e ctiv e thickn ess of th e gat e 
insulating film 26 and th e gat e insulating film 29. For instance, when all th e gat e insulating 
film 26, the gate insulating film 29, the side wall 32, and the side wall 33 are mad e of 
silicon oxid e films, thickn e ss of th e sid e wall 32 and th e side wall 33 in a portion cov e ring 
th e sid e fac e s of the crystallin e s e miconductor film 25 and th e crystallin e semiconductor 
film 28 in a dir e ction p e rp e ndicular to th e sid e fac e s is s e t at equal to or mor e than from 20 
nm to 80 nm that is thickn e ss of th e gat e insulating film 26 and the gat e insulating film 29. 
In this way, a short circuit and a curr e nt leakag e can b e suppr e ss e d b e tw ee n a portion for 
l e ading a gat e e l e ctrod e outsid e th e s e miconductor film on which e lement isolation is 
p e rform e d and th e sid e fac e s of th e crystallin e se miconductor film 25 and th e crystallin e 
s e miconductor film 28. 

{0036} 

Then, a s e cond conductiv e film 34 shown in FIGS. 2(B) and 2(G) is form e d. A 
tungst e n film having a film thickn e s s of from 300 nm to 500 nm is us e d as th e s e cond 
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conductive film 34 in this embodim e nt mod e . Tho s e cond conductiv e film 3 4 is not limit e d 
to a tungst e n film, and is only n e c e ssary to b e a conductiv e film. How e v e r, a mat e rial 
having an e nough se l e ctiv e ratio in e tching with th e first conductiv e film 2 4 is pr e f e rably 
us e d for th e s e cond conductive film 31. 

A first conductiv e lay e r 37 and a first conductiv e layer 40 mad e of tantalum nitrid e 
and a s e cond conductiv e layer 38 made of tungst e n, which ar e proc e ssed into a shap e of a 
gate e l e ctrod e , ar e obtain e d by e tching th e first conductiv e film 2 4 and the s e cond 
conductive film 34, as shown in FIGS. 2(C) and 2(H). H e r e , a structur e in which th e fir s t 
conductive lay e r 37, th e first conductiv e lay e r 4 0, and th e s e cond conductive lay e r 38 hav e 
diff e r e nt tilt angles in e dg e portions is manufactur e d. Th e first conductiv e layer 37, th e first 
conductive layer 40, and th e s e cond conductiv e layer 3 8 having diff e r e nt tilt angl e s in th e 
e dg e portions ar e form e d by p e rforming two stag e e tching tr e atm e nt on th e first conductiv e 
film 2 4 and th e s e cond conductiv e film 34. In th e first stage of e tching, both tungst e n and 
tantalum nitrid e ar e simultan e ously etch e d by applying a pr e d e termin e d voltage to th e glass 
substrate 20 with th e use of a mixed gas of CF 4r € b, and Oa as an e tching gas, and a lay e r 
mad e of tungst e n and a lay e r mad e of tantalum nitrid e having the same tilt angles in e dg e 
portions ar e manufactur e d. Subs e quently, in the s e cond s tage of etching, only th e lay e r 
mad e of tungsten is anisotropically e tch e d by applying a pred e t e rmined bias voltag e to th e 
glass substrat e 20 und e r th e first stag e e tching condition in which th e e tching gas is 
r e plac e d with SFs r-G b, and 0 2 - — In this way, th e first conductive layer 37, th e first 
conductiv e lay e r 4 0, and th e s e cond conductive lay e r 3 8 having diff e r e nt tilt angl e s in tho 
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e dg e portions ar e form e d. Not e that th e gate insulating film 26, th e gat e insulating film 29, 
th e sid e wall 32, and the sid e wall 33 ar e also etch e d to b e a gat e insulating film 36, a gat e 
insulating film 39, a sid e wall 35a, and a s id e wall 35b r e sp e ctiv e ly in a proc e ss of e tching 
th e first conductiv e layer 37, th e first conductiv e lay e r 40, and th e s e cond conductiv e layer 

Th e n, a d e sir e d quantity of impuriti e s i s dop e d. 4 1 and 44 in FIGS. 2(D) and 2(1) 
b e com e a sourc e or a drain dop e d with an n typ e or a p typ e impurity in high conc e ntration 
r e spectiv e ly; 42 and 45 b e com e doping r e gions dop e d with an n typ e impurity in low e r 
conc e ntration than thos e in the source or drain 41 and th e sourc e or drain 44 (Gat e 
Ov e rlap e d Lightly Dop e d Drain) sinc e th e y ar e dop e d through th e e dg e portions of th e first 
conductiv e lay e r 37 and th e first conductiv e lay e r 40 that ar e parts of th e gat e e l e ctrod e s; 
and 43 and 46 b e com e channel r e gions. 

{©039} 

Th e r e aft e r, a s shown in FIGS. 2(E) and 2(J), a silicon oxynitrid e film containing 
hydrog e n is form e d as an insulating film 51 to have a film thickn e ss of 100 nm by a plasma 
CVD method, and th e crystallin e s e miconductor film 25, the crystallin e s e miconductor film 
28, th e gat e insulating film 36, and th e gat e insulating film 39 ar e hydrog e nat e d by h e at 
tr e ating at 4 10 °C. Furth e r, a silicon oxid e film is formed as an int e rlay e r insulating film 52 
to hav e a film thickn e ss of from 400 nm to 600 nm by a CVD method. — Not e that 
phosphorous glass (PSG), boron phosphorous glass (BSG), or phosphorous boron glass 
(PBSG) can b e appli e d to th e interlay e r insulating film 52. — A porous film or a low 
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di e l e ctric constant film such as acrylic of an organic r es in s y s tem or T e flon (regi s t e r e d 
trad e mark) can b e used as th e int e rlay e r insulating film 52 as well. Th e n, a silicon nitrid e 
film is form e d as a barri e r film 53 to hav e a film thickn e ss of 100 nm by a sputtering 
m e thod. In th e next plac e , a wiring 4 7, a wiring 48, a wiring 49, and a wiring 50 ar e 
form e d aft e r forming contact portion s to r e ach th e sourc e or drain 4 1 and th e source or 
drain 44 by e tching the barri e r film 53, th e int e rlay e r insulating film 52, th e insulating film 
51, th e gat e insulating film 36, and th e gat e insulating film 39. A laminate s tructur e of a 
titanium film with a thickn e ss of 60 nm, a titanium nitrid e film with a thickn e ss of 40 nm, 
an aluminum film with a thickn e ss of 300 nm, and a titanium film wdth a thickn e ss of 100 
nm is us e d for th e wirings 47 to 50. Howev e r, a structure of th e wirings 4 7 to 50 is not 
limit e d to th e abov e structur e , and copp e r can b e u se d in plac e of aluminum. A film in 
contact with th e aluminum film is not limit e d to titanium nitride, and tantalum nitrid e , 
tungsten nitrid e , or th e like can b e used in th e wirings 47 to 50. 

{0040} 
(Embodim e nt Mode 2) 

Ozon e is us e d at a t e mp e ratur e of 500 °C to oxidiz e th e crystallin e se miconductor 
film 25, th e crystalline s e miconductor film 28, the gat e insulating film 26, th e gat e 
insulating film 29, th e first island conductiv e film 27, and th e first island conductiv e film 
30 which ar e proc e ss e d into island shap e s as shown in FIGS. 1(C) and 1(G) in Embodiment 
Mod e 1 . — Thu s , oxid e films ar e form e d on e xpos e d side fac e s of th e crystallin e 
semiconductor film 25 and th e crystalline s e miconductor film 28, and e ff e ctiv e thickn e ss of 
the oxid e films is se t e qual to or thick e r than e ff e ctive thickn e ss of the gat e insulating film 
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26 and the gate insulating film 29 as shown in FIGS. 3(A) and 3(C), th e r e by pr e v e nting a 
s hort circuit b e tw ee n a gat e e l e ctrod e to be form e d later and th e sid e fac e s of th e crystallin e 
s e miconductor film 25 and th e crystalline s e miconductor film 28. Not e that an oxid e film, 
a nitrid e film, an oxynitrid e film, or th e lik e can b e used as an insulating film to b e formed 
on th e sid e fac e s of th e crystallin e s e miconductor film 25 and th e crystallin e semiconductor 
film 28. Plasma oxidization as w e ll as a m e thod using an ozone gas can b e p e rform e d by 
u s ing plasma including oxyg e n as an oxidation m e thod. — In addition, washing by using 
ozon e water may be p e rform e d as an oxidation method, and in this cas e , oxidation can b e 
p e rformed e ffici e ntly by irradiating a surfac e of the glass substrat e 20 with ultraviol e t light. 
Plasma nitriding can be p e rform e d by using plasma including a nitrogen gas as a nitriding 
m e thod. — Furth e r, only th e side fac e s of th e crystallin e s e miconductor film 25 and th e 
crystallin e s e miconductor film 28 can b e s e lectiv e ly made insulativ e by doping oxyg e n or 
nitrogen with a r e sist mask us e d in patterning the island shap e d crystallin e s e miconductor 
film 25, the island shaped crystallin e s e miconductor film 28, the gat e insulating film 26, 
the gat e insulating film 29, th e first conductiv e film 27, and th e first conductiv e film 30 
r e mained. 

{00441 
(Embodim e nt Mod e 3) 

An insulating film is form e d ov e r an entire surfac e of the glass substrat e 20 to 
cov e r th e crystallin e semiconductor film 25, th e crystalline s e miconductor film 28, the gate 
insulating film 26, and th e gate insulating film 29 aft e r forming th e crystallin e 
semiconductor film 25, th e crystallin e s e miconductor film 28, th e gate insulating film 26, 



-66- 



th e gat e insulating film 29, th e first conductive film 27, and th e fir s t conductiv e film 30 
which ar e proc e ss e d into island shap e s as shown in FIGS. 1(C) and 1(G) in Embodim e nt 
Mode 1. A silicon oxid e film formed to hav e a thickn e ss of from 50 nm to 100 nm by a 
CVD m e thod is used as th e in s ulating film. Th e insulating film is not limit e d to th e s ilicon 
oxid e film form e d by a CVD m e thod, and a silicon nitrid e film, a silicon oxynitrid e film, or 
th e like can b e us e d. A film formation method is also not limit e d to a CVD m e thod, and a 
sputtering m e thod, or th e lik e can b e appli e d. Th e n, th e insulating film is patt e rn e d to form 
insulating lay e rs 54 to 57 as shown in FIGS. 3(B) and 3(D). Th e insulating lay e rs 5 4 to 57 
ar e s hap e d to cov e r sid e fac e s of th e island shap e d crystallin e s e miconductor film 25 and 
th e island shap e d crystallin e se miconductor film 28 in a r e gion ov e rlapped with at l e ast a 
gat e el e ctrod e to b e form e d lat e r, and e ff e ctiv e thickness of th e insulating lay e rs 5 4 to 57 is 
s e t e qual to or thick e r than e ff e ctiv e thickn e s s of th e gat e insulating film 26 and th e gate 
in s ulating film 29, th e r e by prev e nting a short circuit b e tw ee n th e crystallin e s e miconductor 
film 25 and th e crystalline s e miconductor film 28 and th e gat e e l e ctrod e to b e form e d lat e r. 

{0042} 
[Embodiment] 
(Embodim e nt 1) 

A cross s e ctional structur e in th e cas e of manufacturing a display devic e by using a 
typical thin film transistor manufactur e d according to Embodim e nt Mod e s 1 to 3 is 
d e scrib e d. 

{0042} 

A TFT dispos e d in a driv e r circuit portion and a pix e l portion i s form e d ov e r a 
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substrate 500 having an insulating s urfac e according to manufacturing st e ps d e soribed in 
th e abov e e mbodim e nt mod e s. — Ther e aft e r (FIG. 4 (A)), a first e l e ctrod e 501 made of a 
transpar e nt conductiv e film i s form e d to e l e ctrically conn e ct with a wiring 507 of a driving 
TFT 513. Th e transparent conductiv e film i s pr e f e rably mad e of a mat e rial having a high 
work function, and th e following can be giv e n as an e xampl e th e r e of: a compound of 
indium oxid e and tin oxid e (ITO); a compound of indium oxid e and zinc oxid e ; zinc oxid e ; 
tin oxid e ; indium oxid e ; titanium nitrid e ; or the lik e . In this e mbodim e nt, an ITO film with 
a thickn e ss of 0.1 Jim was form e d by a sputt e ring m e thod as the first e l e ctrod e 501. 
{0044} 

In this e mbodim e nt, a m e thod for forming th e transparent conductiv e film to 
e l e ctrically conn e ct with th e wiring 507 aft e r forming th e wiring 507 was describ e d, but th e 
transpar e nt conductiv e film may b e form e d by another m e thod. For e xampl e , th e wiring 
507 of th e TFT may b e form e d to e l e ctrically conn e ct with the first e l e ctrode after forming 
th e transpar e nt conductiv e film and forming th e first e lectrod e by patterning th e tran s par e nt 
conductiv e film. In addition, aft e r forming th e wiring 507 of th e TFT, an insulating film is 
form e d ov e r th e wiring 507, and th e r e aft e r, a contact hol e is form e d in th e insulating film to 
reach th e wiring 507. Th e n, the transpar e nt conductive film may b e form e d to e l e ctrically 
conn e ct with th e wiring 507 through th e contact hol e . 

{©045} 

Subs e qu e ntly, an insulating film 501 is formed to cov e r an e nd fac e of th e first 
e l e ctrode 501. Th e r e is no particular limitation on a mat e rial for forming th e in s ulating film 
501, and th e insulating film 504 can b e mad e of an inorganic or organic mat e rial. Th e 
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insulating film 50 4 is pr e f e rably made of a photos e nsitiv e organic mat e rial sinc e a shape of 
th e op e ning portion provid e d for th e insulating film 504 b e comes such a shap e that 
disconn e ction in a light e mitting layer to b e e vaporat e d ov e r the insulating film 504 is 
hardly caus e d. Nam e ly, th e shap e of th e op e ning portion provid e d for th e in s ulating film 
50 4 can be mad e into such a gently curv e d shape that a slop e of a surface on which the light 
e mitting lay e r is form e d continuously chang e s, ther e by improving cov e rag e of th e light 
e mitting lay e r and pr e v e nting disconn e ction in th e light e mitting layer. Cons e qu e ntly, a 
short circuit b e tw ee n an anod e and a cathod e du e to breaking of a wiring of a light e mitting 
e lem e nt is r e duc e d. In addition, th e light emitting lay e r can be prevent e d from becoming 
thin partly and an e l e ctric fi e ld can b e prev e nt e d from conc e ntrating locally in th e light 
e mitting lay e r. A photos e nsitive polyimido r e sin, photos e nsitiv e acrylic, or th e lik e can b e 
used as th e photos e nsitiv e organic material for forming th e insulating film 504, — For 
exampl e , in the cas e of using a n e gativ e photos e nsitiv e resin as a mat e rial of th e insulating 
film 504, a shap e of an upp e r end portion of th e insulating film 504 in contact with a top 
fac e of th e first e l e ctrod e 501 can b e form e d to b e a curv e d shape that has a c e nter of 
curvatur e b e low a tang e nt to a top face of th e insulating film 504 and th e upp e r e nd portion 
of th e insulating film 50 4 and is d e t e rmin e d by a first curvature radius. A shap e of a low e r 
e nd portion of th e insulating film 504 can b e form e d to b e a curv e d shap e that has a c e nt e r 
of curvatur e abov e a tang e nt to the first e l e ctrod e 501 and th e lower e nd portion of th e 
insulating film 50 4 and is d e t e rmin e d by a second curvature radius. — The first and th e 
s e cond curvature radii ar e preferabl e from 0.2 |im to 3 |am, and an angl e of a side wall of 
th e op e ning portion to th e first electrod e 501 is pref e rably equal to or mor e than 35°. 
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Subsequ e ntly, dust or th e lik e is r e mov e d by wiping with a porous body of a PVA 
(polyvinyl alcohol) syst e m. In this e mbodim e nt, fine powd e r (dust) g e n e rat e d in e tching 
the first oloctrodo 501 mad e of an ITO or the insulating film 501 was removed by wiping 
with th e porous body of PVA. 

{0047} 

Subsequently, a light omitting layer 502 is formed to bo in contact with the first 
electrod e 501. The light omitting layor 502 is formed by an evaporation m e thod or an 
application method (a spin coating method, an ink jotting m e thod, or tho like). In this 
embodiment, a m e thod for e vaporating with an e vaporation sourc e moving was e mploy e d. 
In this m e thod, an organic compound which is a material of th e light e mitting layer 502 and 
is put in tho evaporation sourc e is vaporiz e d in advance by r e sistanc e h e ating, and a shutt e r 
is provid e d to pr e v e nt tho vaporized organic compound from being scatt e red in a dir e ction 
of the glass substrat e 20 from the evaporation sourc e . In evaporating, the vaporiz e d organic 
compound was scatter e d upwardly by opening tho shutter and was evaporat e d ov e r th e 
glass substrat e 20 through an opening portion provided for a motal mask, thereby forming 
the light e mitting layer 502. 

{004&f 

Note that PEDOT may bo entirely applied and may bo balcod as treatment befor e 
evaporation of th e light e mitting layor 502. Horeat, it is pr e f e rabl e to wash PEDOT aft e r 
PEDOT is onco applied and to apply PEDOT again sinc e PEDOT has poor wettability with 
ITO that is tho first e loctrodo 501. In this way, aftor applying PEDOT, a heat treatment is 
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p e rform e d at normal pr es sur e to vaporiz e moistur e , and th e n, a h e at tr e atm e nt is p e rform e d 
und e r r e duc e d pr e ssure. 
{0049} 

On e of or a plurality of lay e rs to b e provid e d b e tw ee n th e first e l e ctrod e and a 
second el e ctrod e forming a light e mitting el e m e nt is g e n e rically r e ferr e d to as th e light 
e mitting lay e r (lay e r including a light e mitting mat e rial) 502, Th e light e mitting lay e r 502 
can b e form e d by using a low mol e cular w e ight organic compound mat e rial, a high 
mol e cular weight organic compound mat e rial, or a mixtur e th e r e of appropriat e ly. Furth e r, a 
mixed lay e r in which an e l e ctron transporting material and a hol e tran s porting material ar e 
appropriately mix e d, or a mix e d bonding in which a mix e d r e gion is form e d at a bond 
int e rfac e of e ach mat e rial may b e formed. In addition to an organic mat e rial, an inorganic 
light e mitting mat e rial may b e us e d. Furth e r, a laminat e structur e of th e light e mitting lay e r 
502 i s not particularly limit e d, and a structur e in which lay e rs made of a low mol e cular 
w e ight mat e rial ar e laminat e d or a structur e in which a lay e r mad e of a high mol e cular 
w e ight mat e rial and a lay e r mad e of a low mol e cular w e ight mat e rial ar e laminat e d may b e 
adopt e d. 

{0050} 

Subs e quently, a s e cond e l e ctrode 503 is form e d ov e r th e light omitting lay e r 502. 
Th e second e l e ctrod e 503 is mad e of a laminat e d film of a thin film containing m e tal 
having a small work function (Li, Mg, or Cs) and a transpar e nt conductive film laminated 
ov e r th e thin film containing Li, Mg, or th e lik e . Th e film thickness is prop e rly sot to 
function as a cathod e , but her e , it is s e t at approximat e ly from 0.01 |im to 1 (am in thickness 
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by a known m e thod (an e l e ctron b e am evaporation method or th e lik e ). How e v e r, in th e 
cas e of e mploying an el e ctron b e am e vaporation m e thod, radiation is g e n e rat e d wh e n an 
accel e ration voltag e is too high, and thus, a TFT is damag e d. — How e v e r, when an 
accel e ration voltag e i s too low, film formation spood is slow e d down and productivity 
d e cr e as e s. — Th e r e for e , th e s e cond e lectrod e 503 is form e d so a s not to b e e xces s iv e ly 
thicker than such a film thickn e ss that the second e l e ctrode functions a s a cathod e . When 
th e second electrode 503 is thin, th e productivity is not affect e d s ignificantly e ven if the 
film formation s p ee d is slow. How e v e r, a probl e m of incr e a se in r e sistanc e aris e s wh e n th e 
cathod e is thin. — Th e probl e m can b e solv e d by forming Al or th e lik e which is a low 
r e sistanc e m e tal ov e r th e cathode by r e sistanc e h e ating evaporation or a sputtering m e thod 
to b e a laminat e d structur e . — In this e mbodim e nt, Al Li was form e d to b e 0.1 [am in 
thickn e ss as th e s e cond e l e ctrod e 503 by an e l e ctron b e am e vaporation m e thod. 

Subsequ e ntly, a prot e ctiv e film 505 is form e d over th e insulating film 50 4 and th e 
s e cond e l e ctrod e 503. A film that is hardly p e n e trat e d, compar e d to oth e r insulating film s , 
by a substanc e such as moisture or oxyg e n to b e a caus e of acc e l e rating d e terioration of a 
light e mitting e l e m e nt 506 is used as th e prot e ctiv e film 505. Typically, a DLC film, a 
carbon nitrid e film, a silicon nitrid e film form e d by an RF sputt e ring m e thod, or th e lik e i s 
pr e f e rably us e d. In addition, film thickn e ss th e r e of i s pref e rably approximat e ly from 10 nm 
to 200 nm. In this e mbodim e nt, a silicon nitrid e film was form e d to hav e a thickn e ss of 
100 nm by a sputt e ring m e thod. 

{0053} 
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A laminate of th e fir s t el e ctrod e 501, th e light e mitting lay e r 502, and th e s e cond 
e l e ctrod e 503, which is form e d in th e abov e- d e scrib e d st e ps, corr e sponds to th e light ■ 
emitting e l e m e nt 506, — Th e first e l e ctrod e 501 corr e sponds to an anod e , and th e s e cond 
e l e ctrod e 503 corr e sponds to a cathod e . — In th e pr e sent inv e ntion, th e r e ar e singl e t 
e xcitation and tripl e t e xcitation as an e xcitation stat e of th e light e mitting e l e m e nt 506, and 
lumin e sc e nc e can b e g e n e rat e d through e ith e r e xcitation stat e . 

FIG. 4 (B) shows a top vi e w of on e pixel in a display d e vice using a light e mitting 
e l e m e nt. FIG 1(B) shows a stat e that up to a pixel e l e ctrod e 501 is formed. In th e top vi e w 
of FIG 4 (B), a cross s e ctional vi e w e quivalent to A B C corr e sponds to FIG 5(A). Furth e r, 
FIG. 4 (C) shows a circuit diagram of on e pix e l e quival e nt to FIG. 4 (B). In FIGS. 1(B) and 
4 (C), r e f e r e nc e num e ral 508 d e not e s a source lin e ; 509, a gat e lin e ; 510, a pow e r sourc e 
lin e ; 511, a capacitor e lem e nt; 501, th e first electrode (pix e l e l e ctrode); 512, a switching 
TFT; and 513, th e driving TFT. 

{0054} 

In this e mbodim e nt, a cas e wher e s o call e d bottom emission in which light e mitted 
from th e light e mitting e l e m e nt 506 was e xtract e d from a sid e of th e substrat e 500 was 
perform e d was describ e d. How e v e r, so - call e d top e mission in which light is e xtract e d from 
a dir e ction oppo s it e to th e substrate 500 may b e perform e d, inst e ad. In that cas e , th e first 
e l e ctrod e 501 is form e d to corr e spond to th e cathod e , and th e s e cond el e ctrod e 503 i s 
form e d to corr e spond to th e anod e . Furth e r, th e second e l e ctrode 503 is pref e rably mad e of 
a transparent mat e rial. In addition, th e driving TFT 513 is pr e f e rably made of an n channel 
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TFT. Not e that a conductivity type of th e driving TFT 513 may b e appropriately changed, 
but th e capacitor e l e m e nt 511 is arranged to hold voltag e b e tw ee n the gate and th e sourc e . 
Not e that th e cas e of a light emitting d e vic e using the thin film transistor and th e light 
e mitting e l e m e nt of th e pr e s e nt inv e ntion is describ e d in this e mbodim e nt; how e ver, th e 
pr e s e nt inv e ntion can b e appli e d to another display d e vic e such as a liquid crystal display 
d e vic e . 

Thi s e mbodiment can be fr ee ly combined with th e above d e scrib e d e mbodiment 

mod e s. 

{0056} 
(Embodim e nt 2) 

An embodim e nt of the pr ese nt inv e ntion is describ e d with r e f e r e nce to FIG. 5. 
FIG. 5(A) is a top view of a display pan e l form e d by s e aling a substrat e ov e r which a TFT 
i s form e d with a sealing mat e rial. FIG 5(B) is a cross sectional vi e w along a lin e B B' in 
FIG 5(A). FIGS. 5(C) and 5(D) ar e cross sectional views along a lino A A ? in FIG 5(A). 
Not e that FIG 5(C) is a cross s e ctional vi e w of a display pan e l p e rforming bottom e mission 
in which light is e mitt e d in a dir e ction of th e substrat e ov e r which a TFT is form e d. FIG 
5(D) is a cross s e ctional vi e w of a display pan e l p e rforming top e mi ss ion in which light is 
emitt e d in a dir e ction opposit e to th e substrat e ov e r which a TFT is form e d. 

{0057} 

In FIGS. 5(A) to 5(D), a pixel portion (display portion) 602, a signal lino driv e r 
circuit 603 which is dispo se d to s urround th e pix e l portion 602, scanning lino driv e r circuit 
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601 a, and scanning lin e driv e r circuit 604 b ar e all dispos e d ov e r a substrat e 601, and a s e al 
mat e rial 606 is provid e d to surround all of them. Th e structur e d e scribed in th e abov e 
Embodim e nt 1, or th e lik e can b e appli e d to a structur e of th e pix e l portion 602. A glass 
mat e rial, a m e tal mat e rial, a c e ramic mat e rial, or a plastic mat e rial is used as th e s e al 
mat e rial 606. Th e se al mat e rial 606 may b e provid e d to partially ov e rlap th e signal lin e 
driver circuit 603, th e scanning line driv e r circuit 60 4 a, and th e scanning lin e driv e r circuit 

\J\J i u. 

In a display pan e l s hown in FIG. 5(C), a s e aling mat e rial 607 is provid e d by using 
th e s e al material 606 as an adh e siv e layer, so that a clos e d spac e 608 is form e d with th e 
substrate 601, th e s e al mat e rial 606, and th e s e aling mat e rial 607. A hygroscopic ag e nt 609 
is provid e d in advanc e for a d e pr e ssion of th e s e aling mat e rial 607, so that it has a function 
of absorbing moistur e , oxyg e n, and th e lik e to k ee p an atmosph e r e cl e an in an inn e r portion 
of th e clos e d spac e 608, th e reby suppr e ssing d e t e rioration of th e light e mitting e l e m e nt. 
Th e d e pr e ssion is cov e r e d with a cov e r mat e rial 610 with a fine m e sh shap e . Th e cov e r 
mat e rial 610 allows air and moistur e to pass th e r e through but not th e hygroscopic ag e nt 
609. Not e that the closed spac e 60 8 may be fill e d with a noble gas such as nitrogen or 
argon, or can b e fill e d with a resin or a liquid as long as it is inert. 

In a di s play pan e l in FIG. 5(D), a transpar e nt opposing substrat e 621 is provided by 
using th e s e al mat e rial 606 as an adh e siv e layer, so that a closed space 622 is form e d with 
th e s ubstrat e 601, the opposing substrat e 621, and th e s e al material 606. Th e opposing 
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substrat e 621 is provid e d with a color filt e r 620 and a prot e ctiv e film 623 for prot e cting th e 
color filt e r. Light e mitt e d from th e light e mitting e l e m e nt dispos e d in th e pix e l portion 602 
is e xt e riorly emitt e d through th e color filt e r 620, and th e display pan e l p e rforms multicolor 
display. Th e clos e d s pac e 622 is fill e d with an inert resin, an in e rt liquid, or th e lik e . In th e 
cas e of p e rforming multi color display, th e light emitting layer may b e s e t to e mit e ach 
color of RGB, or a pix e l provid e d with a light e mitting lay e r that e mits whit e light may b e 
arrang e d in ord e r that th e color filt e r or a color conversion lay e r is us e d. 
{©060} 

An input t e rminal portion 611 for transmitting a signal to th e s ignal lin e driver 
circuit 603, th e scanning lin e driv e r circuit 601a, and th e scanning lin e driv e r circuit 604b is 
provid e d ov e r th e substrate 601. A data signal such as a vid e o signal i s transmitt e d to th e 
input terminal portion 611 through an FPC 612. A cross section of the input terminal 
portion 611 is as shown in FIG. 5(B), and an input wiring 613 mad e of a wiring which is 
form e d tog e th e r with th e scanning lin e or th e signal lin e is e l e ctrically conn e ct e d to a 
wiring 615 provid e d on a sid e of th e FPC 612 by using a r e sin 617 in which a conductive 
mat e rial 616 is disp e rs e d. Not e that a sph e rical high mol e cular w e ight compound plat e d 
with gold or s ilv e r may b e us e d as the conductiv e mat e rial 616. 

{0061} 

In this e mbodim e nt, an e xampl e of applying th e pr e s e nt invention to the light 
emitting pan e l using th e light e mitting el e m e nt is d e scrib e d; how e v e r, the present inv e ntion 
may b e appli e d to a liquid crystal pan e l using a liquid crystal display e l e m e nt. 

{0062} 
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This e mbodim e nt can b e fr ee ly combin e d with oth e r abov e d e scrib e d e mbodim e nt 
mod e s and e mbodim e nts. 

(Embodiment 3) 

Th e following can b e giv e n as e xampl e s of e l e ctronic apparatus e s to which the 
pr e s e nt inv e ntion is appli e d: a vid e o camera; a digital cam e ra; a goggl e typ e display; a 
navigation syst e m; an audio r e producing d e vic e (car audio, or th e lik e ); a laptop comput e r; 
a gam e machin e ; a p e rsonal digital assistant (a mobil e computer, a c e llular phon e , or th e 
lik e ); an imag e r e producing d e vic e including a r e cording m e dium; and th e lik e . Practical 
e xampl e s of th e s e e l e ctronic apparatus e s ar e shown in FIG. 6. 

{0064} 

FIG 6(A) shows a light e mitting devic e , which includ e s a chassis 2001, a 
supporting s e ction 2002, a display portion 2003, speak e r portions 2001, a vid e o input 
t e rminal 2005, and th e lik e . Th e pr e s e nt inv e ntion can b e appli e d to the display portion 
2003. Th e light e mitting d e vic e is s e lf luminous and do e s not n ee d a backlight, so that the 
display portion can b e mad e thinn e r than that of a liquid crystal display. Not e that th e light 
emitting d e vic e includ e s all display d e vices for displaying information, including ones for 
p e rsonal comput e rs, for TV broadcasting r e c e ption, and for adv e rtis e m e nt. 

{006S} 

FIG. 6(B) shows a digital still camera, which includ e s a main body 2101, a di s play 
portion 2102, an imag e r e c e iving portion 2103, op e ration k e ys 2101, an ext e rnal conn e ction 
port 2105, a shutt e r 2106, and th e lik e . Th e pres e nt inv e ntion can be appli e d to th e display 
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portion 2102. 

FIG. 6(C) shows a laptop p e rsonal computer, which includ e s a main body 2201, a 
chassis 2202, a display portion 2203, a k e yboard 2204, an external conn e ction port 2205, a 
pointing mous e 2206, and th e lik e . Th e pr e s e nt inv e ntion can b e applied to the display 
portion 2203. 

{0067} 

FIG. 6(D) shows a mobil e comput e r, which includ e s a main body 2301, a display 
portion 2302, an e l e ctric s witch 2303, op e ration k e ys 230 4 , an infrar e d port 2305, and th e 
lik e . Th e pr e s e nt inv e ntion can b e appli e d to th e display portion 2302. 

{0068} 

FIG. 6(E) shows a portabl e imag e r e producing d e vic e including a r e cording 
m e dium (sp e cifically, a DVD r e producing devic e ), which includ e s a main body 2401, a 
chassis 2402, a display portion A 2 4 03, a display portion B 2 4 0 4 , a recording m e dium 
r e ading portion 2405, operation k e ys 2 4 06, sp e aker portion s 2 4 07, and th e like. — The 
display portion A 2 4 03 mainly displays image information wh e r e as th e di s play portion B 
2404 mainly display s t e xt information. Th e pr e s e nt inv e ntion can b e appli e d to th e display 
portion A 2 4 03 and th e display portion B 2 4 0 4 . 

{0069} 

FIG. 6(F) shows a goggl e typ e display (h e ad mount e d display), which includ e s a 
main body 2501, display portions 2502, and arm portions 2503. Th e pr e s e nt inv e ntion can 
b e appli e d to th e display portion s 2502. 
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{0070} 

FIG. 6(G) shows a vid e o cam e ra, which includ e s a main body 2601, a display 
portion 2602, a cha s si s 2603, an e xt e rnal conn e ction port 2604, a r e mot e control rec e iving 
portion 2605, an imag e r e c e iving portion 2606, a battery 2607, an audio input portion 2608, 
op e ration k e ys 2609, an e y e pi e c e portion 2610, and th e lik e . Th e pre se nt inv e ntion can b e 
applied to th e display portion 2602. 

{0074} 

FIG 6(H) shows a c e llular phon e , which includ e s a main body 2701, a chassis 
2702, a display portion 2703, an audio input portion 2704, an audio output portion 2705, 
op e ration k e ys 2706, an e xt e rnal conn e ction port 2707, an antenna 2708, and th e lik e . Th e 
pr e s e nt inv e ntion can b e appli e d to th e display portion 2703. Not e that if th e display 
portion 2703 displays whit e l e tt e rs on black background, th e c e llular phone consum e s l e ss 
pow e r. 

{0073} 

A s d e scrib e d abov e , th e applicabl e range of th e pr e s e nt inv e ntion is so wid e that 
th e inv e ntion can be appli e d to e l e ctronic d e vices of various fields. — In addition, the 
e l e ctronic d e vic es of this e mbodim e nt can b e fr ee ly combin e d with the abov e e mbodim e nt 
mod e s and e mbodim e nts. 

{0075} 

[Advantag e ous Eff e ct of th e Inv e ntion] 

According to th e pr e s e nt inv e ntion, a gat e insulating film can b e h e at tr e at e d 
without an alignm e nt d e f e ct in patt e rning e v e n at a t e mp e rature of 700 °C that 
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conventionally caus e s a probl e m of alignm e nt in patterning du e to shrinkag e of a substrat e 
such as glass. 

By h e at tr e ating a gat e insulating film at a t e mp e ratur e of 700 °C abov e a s train 
point of glass, an int e rface l e v e l is low e r e d; a fix e d charg e is r e duc e d; a gat e leakage 
curr e nt is low e r e d; fi e ld e ff e ct mobility, s ubthr e shold co e ffici e nt, and th e lik e b e com e 
favorable; a chang e of transistor charact e ristics ov e r tim e during continuous op e ration is 
r e duc e d; a yi e ld is improv e d; and variation in th e charact e ristics is r e duc e d, in a thin film 
transistor, 

{0075} 

[Bri e f D e scription of th e Drawing] 

[FIG 1] A diagram showing a st e p of manufacturing a thin film transistor of th e pr e s e nt 
inv e ntion. 

[FIG 2] A diagram showing a st e p of manufacturing a thin film tran s istor of th e pr e s e nt 
inv e ntion. 

[FIG 3] A diagram showing a st e p of manufacturing a thin film transistor of th e pr e s e nt 
inv e ntion. 

[FIG 1] A diagram showing a pixel structur e of a display pan e l according to th e pres e nt 
inv e ntion. 

[FIG 5] — A diagram s howing a structure of a display pan e l according to th e pr e s e nt 
inv e ntion. 

[FIG 6] A diagram showing structur e s of e l e ctronic apparatus e s according to the present 
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inv e ntion. 

[FIG. 7] A diagram showing a st e p of manufacturing a thin film transistor in which e l e m e nt 
i s olation is p e rform e d on a s e miconductor film b e fore forming a gat e insulating film. 
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[Nam e of Docum e nt] Abstract 

[Abstract] 

[Probl e m] 

An object of th e pr e s e nt inv e ntion is to provid e a m e thod for manufacturing a thin 
film transistor which e nabl e s h e at tr e atment aimed at improving charact e ristics of a gat e 
insulating film such as low e ring of an int e rfac e l e v e l or r e duction in a fix e d charge without 
causing a problem of misalignm e nt in patt e rning du e to expansion or shrinkage of glass. 
[Solution M e ans] 

Ar-method for manufacturing a thin film transistor of the present invention 
comprises the steps of heat-treating in a state where at least a gate insulating film is formed 
over a semiconductor film on which element isolation is not performed, simultaneously 
isolating the gate insulating film and the semiconductor film into an element structure, 
forming an insulating film covering a side face of an exposed semiconductor film, thereby 
preventing a short-circuit between the semiconductor film and a gate electrode. Expansion 
or shrinkage of a glass substrate during the heat treatment can be prevented from affecting 
misalignment in patterning since the gate insulating film and the semiconductor film are 
simultaneously processed into element shapes after the heat treatment. 
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